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PHASE  I REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


Name  of  Dam 


Indian  Lake  Stone  Dam  NY155 


State  Located New  York 

County  Located  Hamilton 

St ream^ Jessup  RiveF 

Date  of  Inspection  August  25. 


ASSESSMENT  OF 
GENERAL  CONDITIONS 


The  Indian  Lake  Dam  is  a masonry  gravity  dam  with  a section  of  earthfill  with 
rubble  masonry  core  wall.  The  overall  length  of  the  dam  is  550  feet,  the 
height  of  the  dam  is  47  feet.  Since  storage  capacity  of  the  dam  exceeds  50,000 
acre  feet,  the  dam  is  in  the  Large  Dam  Category.  The  location  of  downstream 
residential  lake  front  properties  places  the  dam  in  the  High  Hazard  Category. 
The  drainage  area  of  the  dam  is  121.7  square  miles,  the  lake's  surface  area  is 
about  8 square  miles. 

This  Phase  I investigation  has  “ietemiined  that  the  dam  is  in  need  of  further 
investigative  work  and  possible  structural  modifications  and  repair  work.  The 
main  area  of  concern  is  the  spillway  which  has  been  found  to  be  severely  inade- 
quate since  it  can  pass  only  45  percent  of  the  Probable  Maximum  Flood  (PMF). 

In  addition,  the  dam  could  be  topped  by  as  much  as  5 feet  by  the  PMF,  causing 
possible  dam  instability. 

Using  the  Corps  of  Engineers  screening  criteria  for  initial  review  of  spillway 
adequacy,  it  has  been  determined  that  the  dam  would  be  overtopped  for  all 
storms  exceeding  approximately  45%  of  the  PMF.  The  spillway  is,  therefore, 
adjudged  as  being  seriously  inadequate  and  the  dam  is  assessed  as  unsafe,  non- 
emergency. 

The  classification  of  "unsafe"  applied  to  a dam  because  of  a seriously  inade- 
quate spillway  is  not  meant  to  connote  the  same  degree  of  emergency  as  would  be 
associated  with  an  "unsafe"  classification  applied  for  a structural  deficiency. 
It  does  mean,  however,  that  based  on  an  initial  screening  and  preliminary  com- 
putations, there  appears  to  be  a serious  deficiency  in  spillway  capacity  so 
that  if  a severe  storm  were  to  occur,  overtopping  and  failure  of  the  dam  would 
take  place,  significantly  increasing  the  hazard  to  loss  of  life  downstream  from 
the  dan. 

It  is,  therefore,  recommended  that  within  2 months  from  the  date  of  notifi- 
cation to  the  Governor  of  the  State  of  New  York,  owner  engage  the  services  of 
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a professional  consultant  to  determine  by  more  sophisticated  methods  and  pro- 
cedures the  adequacy  of  the  spillway.  Within  12  months  of  the  date  of  noti- 
fication to  the  governor,  appropriate  remedial  mitigating  measures  should  have 
been  completed.  In  the  interim,  a detailed  emergency  operation  plan  and  warn- 
ing system  should  be  promptly  developed.  Also,  during  periods  of  unusually 
heavy  precipitation,  around-the-clock  surveillance  should  be  provided. 

Other  areas  of  concern  have  been  jioted  which  should  receive  attention: 


1)  The  embankment  has  a large  number  of  trees  growing  on  it  which  pro- 
bably should  be  removed.  Seepage,  along  the  toe  of  the  earthen  abut- 
ment, may  be  related  to  tree  growth  where  seepage  paths  may  have 
developed  along  root  systems.  If  this  is  the  case,  it  may  be  neces- 
sary to  make  a relatively  comprehensive  evaluation  of  alternatives  to 
eliminate  the  seepage  and  improve  the  conditions  of  the  embankment. 

2)  The  undermining  of  the  masonry  buttresses  at  the  outflow  location 
should  be  repaired. 

3)  Through  the  dam  seepage  within  the  masonry  sections  should  be  signi- 
ficantly reduced. 

4)  The  erosion  in  the  spillway  channel  behind  the  weir  should  be  re- 
paired. 

The  work  on  all  areas  requiring  remedial  measures  should  be  performed  under  the 
direction  of  a professional  engineer.  While  these  problem  areas  do  not  appear 
to  be  significant  under  normal  flow  conditions,  they  could  be  sources  of  dam 
instability  during  a severe  flood  event. 


Approved  By:  < f 


Dale  Engineering  Company  v 

John  B.  Stetson,  President 


New  York  District  Engineer 
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View  across  dam  looking  north. 
Road  surface  is  on  south  dam  em 
bankment . 


view  looking  up  towards  spillway 
crest.  Notice  2 flashboards  are  in 
place,  the  others  are  on  top  of 
bridge  deck. 


5.  View  looking  down  across  downstream 
side  of  spillway  which  is  benched 
out  of  rock  so  as  to  direct  flows 
back  toward  main  channel. 


8.  Closeup  of  downstream  spillway  showing 
separation  in  masonry. 
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Another  closeup  of  spillway  facing 
showing  limited  seepages  through 
masonry  joints. 


View  looking  south  across  downstream 
face  of  dam.  The  earthen  section  ori- 
ginates behind  the  masonry  head  wall. 
Whiteness  in  the  photograph  depicts 
calcium  and  iron  oxide  deposition. 


12.  Closeup  of  lower  portion  of  wall 
showing  extent  of  calcium  deposi- 
tion with  limited  seepage. 


Picture  of  outlet  chamber.  The  left 
chamber  gate  is  1 foot  open.  The 
right  chamber  gate  is  closed. 


Closeup  of  left  buttress  wall  shown 
in  Picture  #15.  Notice  end  of  wall 
is  significantly  undermined. 


Detail  of  seepage  from  the  ground 
surface  area  below  headwall. 

Seepage  is  occurring  over  a sizable 
area.  Both  under-dam  and  abutment 
seepage  is  suspected. 


Another  picture  of  the  seepage  area 
notice  end  of  headwall.  The  dam 
earthen  section  on  the  downstream 
side  of  the  embankment  is  heavily 
treed . 


PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
NAME  OF  DAM  - INDIAN  LAKE  STONE  DAM  ID#  - NY 155 


SECTION  1 - PROJECT  INFORMATION 


i: 


! 


t 

! 


1.1  GENERAL 

a.  Author! ty 

Authority  for  this  report  Is  provided  by  the  National  Dam  Inspection 
Act,  Public  Law  92-367  of  1972.  It  has  been  prepared  In  accordance 
with  a contract  for  professional  services  between  Dale  Engineering 
Company  and  The  New  York  State  Department  of  Environmental  Conserva- 
tion. 

b.  Purpose  of  Inspection 

The  purpose  of  this  Inspection  Is  to  evaluate  the  structural  and  hy- 
draulic condition  of  the  Indian  Lake  Stone  Dam  and  appurtenant  struc- 
tures, owned  by  the  Indian  Lake  Corporation,  and  to  determine  If  the 
dam  constitutes  a hazard  to  human  life  or  property  and  to  transmit 
findings  to  the  State  of  New  York. 

This  Phase  I Inspection  report  does  not  relieve  an  Owner  or  Operator 
of  a dam  of  the  legal  duties,  obligations  or  liabilities  associated 
with  the  ownership  or  operation  of  the  dam.  In  addition,  due  to  the 
limited  scope  of  services  for  these  Phase  I Investigations,  the  In- 
vestigators had  to  rely  upon  the  data  furnished  to  them.  Therefore, 
this  Investigation  Is  limited  to  visual  Inspection,  review  of  data 
prepared  by  others,  and  simplified  hydrologic,  I\ydrau11c  and  struc- 
tural stability  evaluations  where  appropriate.  The  Investigators  do 
not  assume  responsibility  for  defects  or  deficiencies  In  the  dam  or 
In  the  data  provided. 

1.2  DESCRIPTION  OF  PROJECT 

a.  Description  of  Dam  and  Appurtenances 

The  Indian  Lake  Dam  Is  a masonry  gravity  dam  with  a section  of  earth- 
fill  with  rubble  masonry  core  wall.  The  overall  length  of  the  dam  Is 
approximately  550  feet.  The  dam  Is  approximately  47  feet  high.  The 
earthen  core  wall  section  forms  the  southerly  abutment  of  the  dam  and 
Is  approximately  210  feet  long.  The  center  section  Is  constructed  of 
stone  masonry  and  Is  approximately  170  feet  long.  The  northerly 
abutment  forms  the  major  spillway  section  of  the  dam.  This  section 
Is  approximately  170  feet  long.  The  earthen  embankment  section  has  a 
top  width  of  approximately  15  feet.  Slopes  on  the  downstream  side 
are  2 horizontal  to  1 vertical  and  upstream  slopes  are  2-1/2  hori- 
zontal to  1 vertical.  The  upstream  side  of  the  earthen  embankment  Is 
covered  with  a layer  of  riprap  from  the  top  of  the  dam  to  original 
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ground  at  the  bottom  of  the  reservoir.  The  center  section  of  the  dam 
has  a top  width  of  approximately  7 feet  8 inches  with  a base  width  of 
33  feet.  This  section  is  founded  on  rock  and  houses  the  sluice  gates 
and  gate  house  which  control  flow  from  the  impoundment.  The  spillway 
section  consists  of  seven  openings  which  form  the  spillway  for  the 
dam.  The  southerly  most  spillway  opening  was  formerly  used  as  a log- 
way to  pass  logs  from  the  impoundment  into  the  receiving  stream.  The 
spillway  section  is  also  founded  on  solid  rock.  The  receiving  stream 
immediately  downstream  from  the  spillway  section  is  formed  in  rock 
and  shows  no  sign  of  erosion. 

b.  Location 


The  Indian  Lake  Dam  is  located  in  the  Town  of  Indian  Lake,  Hamilton 
County,  New  York. 

c.  Size  Classification 

The  maximum  height  of  the  dam  is  approximately  47  feet.  Although  no 
data  is  available  regarding  the  storage  capacity  of  the  impoundment, 
it  is  estimated  that  the  storage  capacity  is  approximately  67,000 
acre  feet  which  is  in  excess  of  50,000  acre  feet.  Therefore,  the  dam 
is  in  the  Large  Size  Category  as  defined  by  The  Recommended  Guide- 
lines for  Safety  Inspection  of  Dams. 

d.  Hazard  Classification 


There  are  many  residential  lake  front  properties  situated  downstream 
from  the  dam  on  the  banks  of  the  receiving  stream.  A New  York  State 
Highway,  Route  28,  also  crosses  the  receiving  stream  downstream  from 
the  dam.  Therefore,  the  dam  is  in  the  High  Hazard  Category  as  defined 
by  The  Recommended  Guidelines  for  Safety  Inspection  of  Dams. 

e.  Ownership 

The  dam  is  owned  by  the  Indian  River  Company,  126  State  Street, 
Albany,  New  York  12207. 

f.  Purpose  of  Dam 

The  main  purpose  for  the  dam  is  to  maintain  a level  in  Indian  Lake 
for  recreational  purposes.  The  dam  is  also  used  to  control  flows  in 
the  receiving  stream  for  hyrdo-power  facilities  downstream  in  the 
Hudson  River. 

g.  Design  and  Construction  History 

The  Indian  Lake  Dam  was  constructed  in  1898.  The  contractor  for  the 
construction  was  Macdonough,  Cunningham  and  Howland.  No  definite 
record  is  available  to  determine  the  designer  of  the  dam.  In  1930, 
new  trash  racks  were  installed  at  the  sluiceway  openings.  The  entire 
upstream  face  of  the  dam  and  entrance  well  were  also  gunited  from 
elevation  1617  to  elevation  1630.  The  buttress  walls  at  the  outlet 
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were  also  gunited  to  a height  of  about  4 feet  above  the  water  at  this 
time. 

h.  Normal  Operational  Procedures 

Flows  from  the  Indian  Lake  Dam  are  presently  maintained  to  provide 
adequate  flow  in  the  receiving  stream.  During  the  winter  months,  the 
elevation  of  the  impoundment  is  maintained  approximately  10  feet 
below  the  top  of  the  spillway  to  allow  for  capacity  during  spring 
thaws.  There  is  continual  observation  of  the  dam  and  its  condition 
by  a caretaker  who  resides  in  a home  immediately  adjacent  to  the  dam. 


1.3  PERTINENT  DATA 


a.  Drainage  Area 

The  drainage  area  of  Indian  Lake  Dam  is  121.7  square  miles. 

b.  Discharge  at  Dam  Site 

No  discharge  records  are  available  for  this  site. 


Computed  discharges: 

Ungated  spillway,  top  of  dam 
Ungated  spillway,  design  flood 

c.  Elevation  (feet  above  MSL) 

Top  of  dam 

Maximum  pool  - design  discharge 
Spillway  crest 

Stream  bed  at  centerline  of  dam 

d.  Reservoir 

Length  of  normal  pool 

e.  Storage 

Normal  (spillway  crest) 

Surcharge  (normal  pool  to  top  of 

f.  Reservoir  Area 
Spillway  pool 


6223  cfs 
29254  cfs  (PMF) 

8150  cfs  (1/2  PMF) 


1657 

1658  (1/2  PMF) 
1662  (PMF) 

1650 

1610 


67300  feet 


67000  acre  feet 

(rough  estimate) 
dam)  30100  acre  feet 


4446  acre 
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g.  Dam 

Type  - Masonry  stone  dam  with  an  earthen  embankment  section. 

Length  - 550  feet. 

Height  - 47  feet. 

Freeboard  between  normal  reservoir  and  top  of  dam  - 7 feet. 

Top  width  - Earthen:  15  feet;  masonry:  7 feet. 

Side  slopes  - Earthen:  2 on  1 downstream;  2-1/2  on  1 upstream 

Masonry:  1 on  1 downstream;  vertical  upstream. 

Zoning  - Not  known. 

Impervious  Core  - Masonry  core  wall  In  earthen  structure. 

Grout  Curtain  - None. 

h.  Spillway 

Type  - Heir. 

Length  - 105  feet. 

Crest  Elevation  - 1650  (MSL). 

Gates  - None.  Former  logway  gate  Is  Inoperative.  Hoisting  mechanism 
has  been  removed. 

U/S  Channel  - None. 

D/S  Channel  - Natural  stream  channel . 

1 . Regulating  Outlets 


2 - 5- foot  diameter  steel  pipes  with  gate  valves. 


SECTION  2 - ENGINEERING  DATA 


2.1  DESIGN 

The  information  available  for  review  of  the  Indian  Lake  Dam  included: 

1)  One  sheet  of  plan  by  International  Paper  Company  included  in 
this  report  as  Figure  2. 

2.2  CONSTRUCTION 

No  information  was  available  regarding  the  construction  of  the  dam. 

2.3  OPERATION 


See  Section  4. 

2.4  EVALUATION 


The  data  reviewed  indicates  that  the  dam  has  been  maintained  through- 
out the  years.  The  present  condition  of  the  dam  indicates  that  addi- 
tional research  for  data  on  the  structure  is  not  required  in  order  to 
complete  this  Phase  I investigation. 
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SECTION  3 - VISUAL  INSPECTION 


3.1  SUMMARY 

a.  General 


The  Indian  Lake  Dam  was  Inspected  on  August  25,  1978.  The  dam  pres- 
ently functions  to  maintain  water  elevation  In  Indian  Lake  for  rec- 
reational purposes  and  to  augment  flow  In  the  receiving  stream.  The 
Inspection  crew  was  accompanied  on  the  Inspection  by  Leo  Bernier  of 
the  International  Paper  Company  from  Corinth,  New  York.  Internation- 
al Paper  Company  provides  maintenance  and  observation  of  the  dam  for 
the  owners,  the  Indian  Lake  Company. 

b.  0^ 

The  dam  and  spillway  system  visually  conforms  to  the  plans  as  shown 
In  Figure  2.  The  south  end  of  the  dam  consists  of  an  earthfill  sec- 
tion with  rubble  masonry  core  wall.  This  earthfill  section  Is  at  an 
elevation  two  feet  above  the  remainder  of  the  dam.  The  earthfill  on 
the  downstream  slope  Is  covered  with  trees  that  have  been  long  estab- 
lished on  the  slope.  The  upstream  slope  of  the  earthfill  section  Is 
riprapped  to  the  bottom  of  the  slope  In  the  reservoir.  There  Is  some 
minor  displacement  of  riprap  near  the  point  where  the  earthfill  sec- 
tion joins  the  masonry  dam.  Some  seepage  was  noted  along  the  down- 
stream toe  of  the  earthfill  section  near  the  south  abutment  and  near 
the  place  where  It  abuts  the  masonry  section.  The  seepage  would  not 
be  described  as  severe  and  was  observed  at  a time  after  a substantial 
rainfall. 

The  downstream  face  of  the  masonry  section  shows  signs  of  minor  seep- 
age and  some  deterioration  of  the  mortar  joints.  A similar  condition 
was  observed  on  the  masonry  face  of  the  south  abutment  where  the 
masonry  section  joins  the  earthfill  section.  Seepage  through  the 
joints  leaves  rust  colored  deposits  that  would  suggest  Iron  oxide. 

The  toe  of  the  masonry  section  has  recently  been  cleared  of  trees  and 
brush  and  showed  no  signs  of  seepage. 

Channels  for  the  outlet  pipes  are  formed  by  three  buttresses.  These 
buttresses  are  located  just  opposite  the  gate  house.  At  the  time  of 
the  Inspection,  the  southerly  gate  was  open  approximately  one  foot. 
The  northerly  gate  was  closed.  Substantial  flow  was  coming  through 
the  southerly  channel.  The  toes  of  these  buttresses  were  eroded  so 
that  a space  was  left  between  the  end  of  the  buttress  and  the  sup- 
porting rock  In  the  stream  channel.  This  space  was  approximately  one 
foot  high  and  extended  approximately  three  feet  toward  the  dam  from 
the  toe  of  the  buttress. 
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. Spillway 

A series  of  spillway  openings  are  located  just  north  of  the  masonry 
section.  The  southerly  most  opening  was  formerly  used  as  a logway. 
This  opening  is  now  closed  with  a steel  stop-plank  and  the  hoisting 
mechanism  to  operate  the  gate  has  been  removed  from  the  structure 
rendering  it  inoperative.  Minor  seepage  occurs  around  the  steel 
stop-plank.  At  the  time  of  the  inspection,  the  stop-planks  had  been 
removed  from  the  three  northerly  weir  openings.  These  stop-planks 
were  stored  on  the  walkway  which  crosses  the  spillway.  Stop-planks 
were  in  place  in  the  remaining  weir  openings.  There  is  minor  seepage 
through  the  masonry  in  the  spillway  area.  The  spillway  is  founded  on 
original  rock.  Some  erosion  of  the  rock  has  taken  place  near  the 
south  end  of  the  spillway.  An  area  appears  to  have  been  filled  with 
either  concrete  or  soil  cement  and  this  repair  of  the  crevice  has 
been  again  eroded  leaving  a void  in  the  rock  surface.  The  spillway 
crest  is  formed  in  granite  and  is  generally  in  good  condition. 


d.  Appurtenant  Structures 

The  walkway  across  the  spillway  and  the  dam  has  recently  been  recon- 
structed and  is  in  excellent  condition.  Inspection  of  the  gate  house 
indicates  that  the  control  gates  are  electrically  operated  and  are  in 
operating  condition  at  the  present  time.  There  are  four  sluice  gates 
on  the  exterior  face  of  the  gate  house  which  conduct  flow  to  the 
discharge  pipe.  At  the  time  of  the  inspection,  all  of  these  gates 
were  in  a full-open  position. 


e.  Reservoir  Area 


i.  The  reservoir  area  is  generally  heavily  forested  and  does  not  contri- 

bute significant  amounts  of  sediment  to  the  impoundment.  Local  in- 
! quiry  indicated  that  there  were  no  known  areas  where  unstable  banks 

might  occur. 


f . Downstream  Channel 

The  area  downstream  from  the  dam  is  a rock  channel  and  in  good  condi- 
tion. 
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SECTION  4 - OPERATIONAL  PROCEDURES 


4.1  PROCEDURES 


Operation  of  the  gates  was  not  observed  by  the  inspection  team.  The 
dam  and  reservoir  Is  owned  by  the  Indian  Lake  Company  who  Is  assisted 
In  Its  operation  by  International  Paper  Company.  The  Indian  Lake 
Company  owns  a residential  property  Immediately  adjacent  to  the  dam. 
This  house  Is  occupied  by  the  Indian  Lake  postmaster  who  also  serves 
as  part-time  attendant  for  the  dam.  Control  gates  In  the  gate  house 
are  manipulated  to  reduce  the  water  level  during  the  winter  months  In 
order  to  accommodate  spring  runoffs.  During  the  remainder  of  the 
year,  flow  Is  metered  to  the  receiving  stream  In  order  to  maintain 
adequate  flows  for  both  Niagara  Mohawk  and  International  Paper  Com- 
pany. 

4.2  MAINTENANCE  OF  DAM 

Inspection  Indicates  the  dam  has  been  recently  maintained.  Discus- 
sions with  the  representative  from  International  Paper  Company  Indi- 
cate that  maintenance  has  been  performed  over  the  years  by  Inter- 
national Paper  Company. 


SECTION  5 - HYDROLOGY  AND  HYDRAULICS 


5.1  EVALUATION  OF  FEATURES 


The  Indian  Lake  Stone  Dam  lies  at  the  northern  end  of  Indian  Lake. 

The  drainage  area  of  the  lake  is  121.7  square  miles  as  planimetered 
from  U.S.G.S.  quad  sheets,  the  lake  is  12.75  miles  long  with  a sur- 
face area  of  7.93  square  miles.  The  volume  of  the  impoundment  is 
purely  a function  of  the  natural  watershed.  For  the  dam's  location, 
no  historical  information  was  available  on  the  occurrence  of  flood 
events.  Also,  no  information  relevant  to  the  design  of  the  dam  was 
available  for  this  investigation.  Therefore,  this  analysis  is  based 
on  information  obtained  from  the  field  inspection,  the  plans  included 
herein,  U.S.G.S.  quadrangle  mapping  and  other  sources  of  information 
and  references  listed  in  Appendix  E.  The  hydrologic  and  hydraulic 
analysis  is  provided  in  Appendix  C. 

The  purpose  of  this  investigation  is  to  evaluate  the  dam  and  spillway 
with  respect  to  their  flood  control  potential  and  adequacy.  This  has 
been  assessed  through  the  evaluation  of  the  Probable  Maximum  Flood 
(PMF)  for  the  watershed  and  the  subsequent  routing  of  the  flood 
through  the  reservoir  and  the  dam's  spillway  system.  The  PMF  event 
is  that  hypothetical  flow  induced  by  the  most  critical  combination  of 
precipitation,  minimum  infiltration  loss  and  concentration  runoff  of 
a specific  location  that  is  considered  reasonably  possible  for  a par- 
ticular drainage  area.  Since  this  dam  is  in  the  Large  Category  and 
is  a High  Hazard,  the  guidelines  criteria  (Ref.  1)  require  that  the 
dam  be  capable  of  passing  the  Probable  Maximum  Flood. 

The  hydrologic  analysis  was  performed  using  the  unit  hydrograph  meth- 
od to  develop  the  flood  hydrograph.  Due  to  the  limited  scope  of  this 
Phase  I investigation,  certain  assumptions,  based  in  experience,  were 
used  in  this  analysis  and  in  the  determination  of  the  dam's  spillway 
capacity  to  pass  the  PMF.  This  was  done  with  the  concept,  that  if 
the  dam  was  unable  to  satisfy  this  criteria,  further  refined  hydro- 
logic  investigations  would  be  required.  In  preparing  the  unit  hydro- 
graph, both  Clark  and  Snyder  coefficients  were  estimated.  For  the 
Clark  Method,  values  of  Tc  = 9.09  and  R = 9.09  were  computed.  The 
values  of  R/(Tc  + R)  was  estimated  at  0.50  for  the  analysis.  For  the 
Snyder  Method,  values  of  Tp  = 11.49  and  Cp  = 0.625  were  computed. 

The  two  unit  hydrographs  were  developed  from  these  parameters  as  well 
as  two  sets  of  PMF  hydrographs.  The  resulting  two  PMF  hydrographs 
developed  from  the  two  methods  were  then  compared  and  evaluated.  The 
PMF  hydrograph  was  determined  using  the  Probable  Maximum  Precipita- 
tion rainfall  data  obtained  in  Hydrometeorological  Report  No.  33.  An 
index  rainfall  of  17.5  inches  for  200  square  miles  for  a period  of  24 
hours  was  used  in  the  analysis.  Base  flow  for  the  basin  was  assumed 
to  be  2 cubic  feet  per  second  per  square  mile,  while  loss  rates  were 
set  at  1.0  inches  initial  abstraction  and  0.1  inches/  hour  continuous 
loss  rate.  The  loss  rate  functions  for  the  basin  yielded  14.71 
inches  of  runoff  from  18.09  inches  of  precipitation.  The  flood 
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surcharge  storage  effect  from  the  lake  was  assumed  to  vary  llnearlly 
with  the  spillway  elevation  surface  area  (the  lake's  spillway  eleva- 
tion surface  area  times  the  surcharge  depth  yellds  storage  - See 
Sheet  C-4).  Only  the  service  spillway  was  evaluated  to  pass  the  PMF 
hydrograph.  Other  gates  were  assumed  to  be  either  closed  or  not 
functlonable.  Although  there  Is  a dam  attendant  at  the  site,  he  Is 
not  assigned  at  the  dam  on  a full-time  basis.  In  addition,  the  gates 
operate  from  a control  house  In  the  center  of  the  dam  and  they  may 
not  be  accessible  during  a severe  flood  event.  Finally,  the  gates  do 
not  have  significant  discharge  capability  relative  to  the  PMF.  The 
spillway  capacity  (up  to  the  top  of  the  dam  elevation)  considering 
the  service  spillway  only  Is  estimated  at  6223  cfs.  This  was  based 
on  an  effective  spillway  length  of  105  feet  with  a discharge  coeffi- 
cient of  3.2.  The  earthen  and  masonry  top  of  the  dam  section  were 
assumed  to  be  the  same  elevation  (elevation  1657).  The  elevation  of 
the  lake  was  assumed  to  be  at  the  spillway  crest  (elevation  1650)  at 
the  Initiation  of  the  flood  event. 

The  U.  S.  Army  Corps  of  Engineers,  Hydrologic  Engineering  Center's 
Computer  Program  HEC-1  using  the  Modified  Puls  Method  for  flood  rout- 
ing was  used  to  evaluate  the  dam  and  spillway  capacity.  The  results 
of  this  analysis  are  shown  below: 


HEC-1  PMF  ANALYSIS 


CLARK'S 

METHOD 

SNYDER'S 

METHOD 

Percent 

Run-off 

Routed 

Run-off 

Routed 

Of 

Discharge 

Discharge 

01 scharge 

Discharge 

PMF 

(CFS) 

(CFS) 

(CFS) 

(CFS) 

10 

7204 

838 

6030 

818 

20 

14408 

2163 

12059 

2092 

30 

21611 

3750 

18089 

3606 

40 

28815 

5698 

24119 

5390 

50 

36019 

8150 

30148 

7747 

60 

43223 

11909 

36178 

11057 

70 

50426 

15712 

42208 

14659 

80 

57630 

20182 

48237 

18081 

100 

72038 

29254 

60297 

26982 

Based  on  the  abov«  results,  the  spillway  Is  capable  of  passing  only 
45%  of  the  PMF.  Since  this  value  Is  less  than  50%  according  to  the 
guidelines,  the  spillway  Is  deemed  to  be  severely  Inadequate.  This 
analysis  Indicates  the  dam  would  be  overtopped  by  approximately  5 
feet  with  the  PMF.  A more  Indepth  study  In  regards  to  the  evaluation 
of  the  spillway  capacity  Is  therefore  recommended.  If  futher  analy- 
sis confirms  these  Phase  I Investigation  results  that  the  spillway  Is 
Inadequate,  It  Is  then  recommended  that  the  owner  modify  the  'Struc- 
ture to  provide  for  additional  spillway  capacity. 
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SECTION  6 - STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY  1 

a.  visual  Observations  And  Data  Review  \ 

i 

The  dam,  consisting  generally  of  three  distinct  structural  sections 
along  Its  length  (an  earthen  embankment  southern  section,  a non-over- 
\ flow  masonry  center  section,  and  an  uncontrolled  spillway  masonry 

northern  section),  shows  no  evidence  of  misalignment,  settlement  or 
other  signs  of  movement  which  would  Indicate  a condition  of  struc- 
tural distress.  However,  the  downstream  face  of  the  non-overflow 
masonry  center  segment  shows  considerable  evidence  that  seepage,  al- 
beit apparently  minor,  has  been  on-going  for  a period  of  time  through 
much  of  this  section.  Masonry  buttresses  on  the  dam's  downstream 
side  (at  the  location  of  sluice  tunnels  and  a logway),  near  the  loca- 
tion where  the  non-overflow  and  spillway  sections  of  the  dam  join, 
retain  stability  but  undermining  (loss  of  masonry)  has  begun  at  the 
downstream  extremity.  The  logway  Is  presently  gated,  but  leakage 
does  occur  and  erosion  of  a concrete  surface  provided  for  the  down- 
stream flow  channel  Is  on-going.  However,  the  Incidence  has  not  yet 
had  any  effect  of  structural  significance. 

The  dam's  southerly  earthen  section  gives  the  appearance  of  being  In  « 

good  structural  condition,  with  no  evidence  of  settlement,  sloughing 
or  significant  erosion.  Surface  water  was  noted  on  the  date  of  In-  i 

spectlon  near  the  embankment's  downstream  toe  In  the  vicinity  of  the 
masonry  abutment  where  the  earthen  and  masonry  sections  join;  this 
condition  may  represent  seepage  through  the  dam.  Seepage  also  occurs 
through  the  exposed  face  of  this  abutment.  The  upstream  slope  of  the 
embankment  section  Is  provided  with  riprap,  observed  to  be  In  gener-  ^ 

ally  good  condition.  The  downstream  slope  has  developed  vegetation  | 

which  Includes  some  relatively  tall  trees.  | 

b.  Geology  and  Seismic  Stability  | 

i 

The  general  area  encompassing  the  reservoir  site  Is  underlain  by  Pre-  [ 

Cambrian  metamorphic  rocks  of  the  Lake  Durant  Formation.  In  the  area  i 

of  the  dam,  the  rocks  are,  for  the  most  part,  gneisses  with  subordi- 
nate amounts  of  quartzite.  | 

Contact  of  the  foundation  bed  under  the  spillway  and  the  gate  house 
Is  with  bedrock.  Although  the  foundation  bed  beneath  the  remainder 
of  the  dam  cannot  be  observed,  the  June  28,  1920  (New  York  State 
Conservation  Commission)  dam  report  mentions  "such  foundation  bed  Is 
rock."  Diagrams  for  that  report  Indicate  that  the  right  (south) 
abutment  contact  Is  earth.  Drawings  (apparently  the  dam's  original 
design/construction  drawings,  but  dated  as  being  traced  October  9, 

1959)  show  the  core  wall  on  the  right  on  "hard  pan"  and  the  right 
abutment  In  contact  with  rock.  Thus,  there  Is  uncertainty  as  to  the  I 

contact  of  the  right  abutment.  The  base  contact  Is  probably  on  rock  i 

with  the  wall  contact  probably  with  earth.  I 
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Indian  Lake  follows  a major  fault  line.  According  to  Miller  (1917, 

P.  45,  Ref.  18),  the  Indian  Lake  fault  "ranks  as  the  longest  continu- 
ous line  of  fracture  yet  located  in  the  Adirondack  region."  Outcrops 
along  the  shore  of  Indian  Lake  have  well -developed  fracture  patterns. 
Gerahty  (1978  Ref.  17)  states,  "The  best  exposure  for  observing  a 
well -developed  fracture  pattern  and  slickensides  is  located  at  the 
dam  at  the  northern  end  of  Indian  Lake."  Slickensides  and  crushed 
zones,  also  present,  are  excellent  indications  of  previous  faulting 
activity. 

The  Mew  York  State  Geologic  Map  (1970)  shows  many  large  faults  in 
this  general  area.  Additional  numerous  lineaments  of  unknown  origin 
are  shown  on  the  New  York  State  Geological  Survey  Preliminary  Brittle 
Structures  Map  (1977).  The  geologic  structures  map  shown  in  this 
report  is  after  Gerahty  (1978)  who  has  done  the  most  recent  analysis 
of  this  region. 

Although  only  one  earthquake  of  any  significance  (IV  on  the  Modified 
Mercalli  Scale)  has  occurred  in  this  area,  about  22  miles  to  the 
northeast  in  1913,  numerous  low  intensity  earthquakes  have  been  re- 
corded. In  1974  alone,  102  events  were  recorded  in  the  Blue  Mountain 
Lake  region,  15  miles  to  the  northwest  of  the  dam.  This  region  is 
located  in  seismic  zone  2 and  thus  a potential  of  intensity  VI-VII 
(Modified  Mercalli  Scale)  is  possible. 

c.  Data  Review  and  Stability  Evaluation 

An  as-built  drawing  indicating  details  of  the  dam  as  constructed  in 
1898  is  available  for  review.  This  drawing  shows  typical  masonry  and 
embankment  sections,  and  indicates  the  masonry  segment  to  be  founded 
on  the  areas  "solid  rock,"  presumed  to  be  bedrock  similar  to  that  ob- 
served at  the  dam's  northerly  abutment  and  below  the  downstream  toe. 
The  earth  embankment  section  is  constructed  with  a masonry  core  wall. 
The  as-built  drawings  are  unclear  about  the  core  wall  extending  to 
bedrock;  it  does  appear  that  the  earthen  materials  forming  the  shell 
portions  of  the  embankment  section  bear  on  firm  earth  (hardpan),  not 
bedrock. 

Because  of  the  variable  depth  to  rock  along  the  longitudinal  axis  of 
the  dam,  it  appears  that  the  highest  masonry  section  is  located  near 
center  length,  at  a non-overflow  section.  Stability  analyses  have 
been  performed  (Appendix  D)  for  this  section,  bearing  on  rock,  assum- 
ing the  condition  of 

(I)  a lake  level  at  spillway  elevation,  with  ice; 

(II)  a lake  level  which  breaches  the  dam  by  one  foot. 

Part  of  the  non-overflow  masonry  section  has  had  soil  embankment 
placed  behind  it;  this  earth  material  is  the  result  of  the  sloped- 
runout  for  the  embankment  section  of  the  dam,  from  the  location  where 
the  embankment  and  non-overflow  sections  meet.  The  slope  of  the 
earth  material  behind  the  masonry  section  is  2-1/2  to  1 (H  to  V)  par- 
allel to  the  longitudinal  axis  of  the  dam  and,  simultaneously,  2 to  1 
perpendicular  to  the  dam's  longitudinal  axis.  Simplifying 
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assumptions  felt  to  be  conservative  hav;  been  utilized  to  evaluate 
the  effect  where  soil  embankment  material  acts  behind  the  masonry 
section. 

Properties  of  the  earth  materials  In  the  dam  area  and  the  dam's  ma- 
sonry are  not  Indicated  on  the  drawings  reviewed.  Actual  properties 
of  the  dam  materials,  the  site's  foundation  material,  and  the  ground- 
water  conditions  In  the  area  have  not  been  determined;  where  data 
necessary  for  stability  analysis  was  lacking,  assumptions  felt  to  be 
conservative  have  been  applied. 


The  analysis  performed  Indicated  structural  stability  against  over- 
turning, and  sliding  Is  maintained  for  the  static  loading  conditions 
assumed,  as  summarized  In  the  table  below: 


1 


Loading  Conditions 


Results  of  Stability  Computations 


Factory  of  Safety 
Overturni ng  Si  1 d1 ng 


(1)  Water  level  and  Ice  at  spillway  ele-  1.35+  1.7+ 

vatlon,  upstream  and  downstream  ~ 

ground  surface  correspond  to  the 
base  of  the  dam  section,  downstream 
water  surface  at  the  base  of  the  dam, 
uplift  water  pressures  result  from 
simple  hydrostatic  conditions  and 
act  on  the  full  base  area  of  the  dam 
section,  no  seismic  forces  acting,  no 
earth  embankment  behind  the  section. 


(2)  Water  level  tops  non-overflow  section  by 
one  foot,  no  Ice,  other  conditions  as 
Indicated  In  (1)  above. 

(3)  Conditions  as  for  (1)  above,  except 
lateral  pressure  from  soil  embankment 
act  against  the  upstream  face. 

(4)  Conditions  as  for  (2)  above,  except 
lateral  pressure  from  soil  embankment 
act  against  the  upstream  face. 


1.1+  1.2+ 

1 .3+  1 .5+ 

1.04  1.1  + 


The  computed  factors  of  safety  represent  the  ratio  of  moments/ forces 
resisting  failure  movements  to  those  acting  to  cause  failure;  stabil- 
ity or  a no-fallure  condition  Is  Indicated  when  the  ratio  of  greater 
than  unity.  The  hydrologic  analysis  Indicates  the  dam  could  be  j 

topped  by  PMF  by  as  much  as  5 feet.  Although  this  loading  condition 
has  not  been  evaluated.  It  Is  suspected  that  Instability  would  re- 
sult under  this  condition. 
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The  prediction  of  uplift  pressures  acting  on  the  base  of  a masonry 
dam  founded  on  rock  represents  an  area  of  some  uncertainty  to  the 
engineering  profession,  unless  field  measurements  have  been  obtained 
to  provide  applicable  data.  The  analysis  uplift  force  was  based  on  a 
full  headwater  hydrostatic  pressure  acting  on  the  dam's  upstream 
corner,  and  a tailwater  hydrostatic  pressure  of  zero  (corresponding 
to  a tailwater  elevation  equal  to  the  dam's  base  and  downstream 
ground  surface  elevation).  Uplift  pressures  were  assumed  to  vary 
linearily  between  the  dam's  upstream  and  downstream  corners,  and  act 
upon  100  percent  of  the  dam  base. 

The  computed  factors  of  safety  indicate  the  masonry  sections  of  the 
dam  retain  stability  for  the  various  conditions  of  loading  assumed. 
Low  factors  of  safety  are  implied  for  the  locations  where  lateral 
pressures  from  a high  height  of  earth  embankment  acts  behind  the  sec> 
tion.  The  computed  factor  of  safety  shown  in  the  tabulation  could  be 
lower  than  the  actual  factor  of  safety  for  the  area.  The  section  of 
masonry  dam  having  the  greatest  height  of  earth  embankment  behind  it 
is  adjacent  to  the  location  where  the  headwall  serving  to  abut  the 
masonry  and  earthern  sections  of  the  dam  meet;  the  masonry  headwall 
should  serve  to  provide  a buttressing  effect  which  improves  the  re- 
sistance to  movement  and  the  stability  of  the  section. 

Though  seepage  is  on-going  through  the  face  of  the  masonry  section  at 
various  locations,  the  condition  does  not  appear  to  have  a signifi- 
cant deteriorating  effect.  When  the  lake  is  lowered  (reportedly  a 
procedure  followed  in  winter  periods  to  provide  storage  for  runoffs 
generated  in  the  spring),  the  exposed  upstream  face  can  be  examined 
for  signs  of  deterioration  and  to  provide  an  Indication  of  possible 
need  for  repair  which  can  extend  to  also  providing  repair  of  the 
areas  where  the  downstream  face  implies  seepage.  As  a minimum,  fre- 
quent inspections  should  be  made  to  detect  changes  in  the  seepage 
pattern  which  would  indicate  a need  for  attention. 

The  earthen  embankment  section  is  stable  but  also  shows  indication  of 
probable  seepage.  As  for  the  masonry  section,  the  embankment  section 
should  be  inspected  at  frequent  intervals  to  detect  a change  in  con- 
ditions which  indicate  the  need  for  corrective  measures.  At  present, 
the  downstream  face  of  the  embankment  area  has  a number  of  trees 
growing  on  it.  Seepage  may  be  related  to  tree  growth  where  seepage 
paths  may  have  developed  along  root  systems.  If  this  is  the  case,  it 
may  be  necessary  to  make  a relatively  comprehensive  evaluation  of 
alternatives  to  eliminate  seepage  and  improve  the  condition  of  the 
embankment.  Trees  should  also  be  removed  to  prevent  the  danger  of 
loss  of  embankment  which  would  occur  if  uprooting  in  a high  velocity 
wind  storm  occurred.  The  clearing  of  brush  from  the  embankment  area 
will  also  permit  an  inspector  to  better  detect  conditions  of  possible 
embankment  seepage. 
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SECTION  7 - ASSESSMEWT/REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 

On  the  basis  of  the  Phase  1 visual  examination  and  analysis.  It  has 
been  concluded  that  the  dam  Is  In  need  of  further  evaluation  and 
Investigation  since  the  spillway  has  been  found  to  be  seriously 
Inadequate.  The  hydrologic  analysis  Indicates  that  the  spillway  will 
not  pass  the  1/2  Probable  Maximum  Flood  without  overtopping  the  dam. 
The  spillway  capacity  Is  6223  cfs  without  the  Dashboards.  This 
spillway  capacity  relates  to  45  percent  of  the  Probable  Maximum 
Flood. 

A number  of  additional  Items  observed  during  the  Inspection  are  of 
concern  and  need  attention.  The  earthern  downstream  embankment  sec- 
tion Is  covered  with  trees  that  have  been  long  established  on  the 
f . slope.  A limited  amount  of  seepage  was  noted  along  the  downstream 

toe  of  the  earthflll  section  near  the  south  abutment  and  near  the 
point  where  It  abuts  the  masonry  section.  The  downstream  face  of  the 
masonry  center  segment  shows  considerable  evidence  that  seepage, 
apparently  minor,  has  been  ongoing  for  a period  of  time.  Masonry 
buttresses  on  the  dam's  downstream  side  retain  stability  but  under- 
mining has  begun  at  the  downstream  extremity.  There  Is  minor  seepage 
through  the  masonry  In  the  spillway  area.  Some  erosion  of  rock  has 
taken  place  near  the  south  end  of  the  spillway.  An  area  In  the 
spillway  channel  appears  to  have  been  filled  with  either  concrete  or 
soil  cement  and  this  repair  of  the  crevice  has  again  eroded  leaving  a 
void  In  the  rock  surface. 

The  stability  analysis  performed  Indicates  structural  stability 
against  overturning  and  sliding  Is  maintained  for  the  static  loading 
conditions  assumed.  The  hydrologic  analysis  Indicates  that  the  dam 
may  be  topped  by  as  much  as  5 feet  by  the  PMF.  Although  an  analysis 
has  not  been  performed  under  this  loading  condition.  It  Is  suspected 
that  Instability  would  result  under  this  condition. 

7.2  REMEDIAL  MEASURES 

The  spillway's  capacity  Is  seriously  Inadequte.  It  Is  recommended 
that  the  owner  take  Immediate  action  to  provide  round-the-clock  sur- 
veillance during  periods  of  unusually  high  runoff  and  have  a contin- 
gency plan  In  the  event  of  overtopping.  There  Is  a small  lake  com- 
munity directly  below  the  dam.  The  Dashboards  should  be  removed 
from  the  spillway  Immediately.  Through  the  dam  seepage  within  the 
masonry  sections  should  be  significantly  reduced.  The  undermining  of 
the  buttresses  at  the  outlet  area  should  be  repaired.  The  erosion  In 
the  spillway  channel  behind  the  weir  should  be  repaired.  This  work 
should  be  performed  under  the  direction  of  a professional  engineer. 

The  embankment  has  a large  number  of  trees  growing  on  It  which  should 
probably  be  removed.  Seepage  may  be  related  to  tree  growth  where 
seepage  paths  may  have  developed  along  root  systems.  If  this  Is  the 
case.  It  may  be  necessary  to  make  a relatively  comprehensive  evalua- 
tion of  alternatives  to  eliminate  the  seepage  and  Improve  the  condi- 
tion of  the  embankment. 
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FOUNDATION  spillway  section  and  outlet  sec- 

tion for  problem  areas.  The  generai 
dam  section  did  not  show  any  problems. 


STAFF  GAGE  OF  RECORDER  None. 
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SHEET 


is  inoperative.  Hoisting  equipment 
has  been  removed. 


raw  down  the  dam,  but  cannot 
Into  use  quickly  due  to  re- 
of  hoisting  equipment. 


DOWNSTREAM  CHANNEL 
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CHECK  LIST  NAME  OF  0AM  Indian  Lake 

ENCIMEEKIMG  DATA 

CONSTRUCTION.  OPEKATIOM  ID  # 

PHASE  1 


RAINFALL/RESERVOIR  RECORDS 


BORROW  SOURCES 


ITEM  I REMARKS 


MAINTENANCE 

OPERATION. 

RECORDS 


SPILLWAY  PLAN 
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CHECK  LIST 

HYDROLOGIC  & HYDRAULIC 
ENGINEERING  DATA 


DRAINAGE  AREA  CHARACTERISTICS:  121.7  sg.  ml. 

ELEVATION  TOP  NORMAL  POOL  (STORAGE  CAPACITY):  16£0 

ELEVATION  TOP  FLOOD  CONTROL  POOL  (STORAGE  CAPACITY):  " 


ELEVATION 

MAXIMUM  DESIGN  POOL 

•• 

ELEVATION 

TOP  DAM: 

1657 

CREST: 

a. 

Elevation 

1650 

b. 

Type 

Masonry  Wei r 

c. 

Width 

6 feet 

d. 

Length 

6 @ 17.5  - 

105 

e. 

Location  Spillover 

North  End 

f. 

Number  and  Type  of 

Gates 

— 

OUTLET  WORKS: 

a. 

Type 

Sluice  gate  closure 

to  5 ft.  dia.  steel  pipes 

b. 

Location 

Center  of  dam. 

c. 

Entrance  Inverts 

1613 

d. 

Exit  Inverts 

1613 

e. 

Emergency  Dra indown 

Facilities  

HYDROMETEOROLOGICAL  GATES: 

a. 

Type 

— 

b. 

Location 

— 

c. 

Records 

— 

MAXIMUM  NON-DAMAGING  DISCHARGE: 


INTBRNATIONAL  RAPBR  COMPANY 

aao  CAST  4aND  st..  ncw  vork,  n.v.  ioott,  phonb  aia  4ao-aooo 


September  14,  1978 


Mr,  Neal  F.  Dunlevy 
Stetson  & Dale 
Bankers  Trust  Building 
Utica,  New  York  13501 

Dear  Mr,  Dunlevy: 


SEP18ig78 

DALE  bibinttKiNli  COMPANY 

BY 


Attached  Is  a copy  of  the  Klelnschmldt  & Dotting  study 
report  of  the  Indian  Lake  Dam  as  you  requested.  Also,  I am 
sending  to  Klelnschmldt  & Dotting  a copy  of  your  letter  dated 
September  5,  1978  for  their  Information, 


Your  letter  was  taken  up  In  the  annual  meeting  of  the 
Indian  River  Company  on  Septe^er  12,  1978,  They  are  anxious 
to  cooperate  with  you  In  any  way  they  can, 

please  feel  free  to  contact  Leo  Bernier  at  the  Hudson  River 
Mill  for  any  additional  Information  he  may  be  able  to  provide. 

Very  truly  yours. 


CSNrJtb 

Attachment 

cc:  F,  L,  Berube 
L,  E,  Bernier 
R,  E,  Brubaker 
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INSPECTION  AND  STUDY  REPORT 
ON  THE 

INDIAN  LAKE  DAM 
INDIAN  LAKE,  NEW  YORK 

. i 


' KLEINSCHMIDT  & DUTTING 

CONSULTING  ENGINEERS 

I PITTSFIELD,  MAINE 

1 


JULY  1978 


HYDRAULICS 


water  supply 


WASTE  DISPOSAL 


Kleinschmidt  & Duttiiig 

Cmpdmg  Gnf  Emfpmmt 

73  MAIN  STREET 
PITTSFIELD,  MAINE  04%7 
Phone:  207  -487-3328 


International  Paper  Company 

220  E.  42nd  Street 

New  York,  New  York  10017 

Attention:  Mr.  Leo  Bernier 

SUBJECT:  Inspection  and  Study  of  Indian  Lake  Dam 


Dear  Mr.  Bernier: 

Attached  is  a report  of  our  inspection  and  study  of  the  Indian  Lake 
Dam  located  in  Indian  Lake,  New  York.  The  study  and  report  are  in  accordance 
with  our  proposal  of  May  5,  1977.  The  study  proved  to  have  several  unexpected 
delays  as  trell  as  several  interesting  results. 

The  dam  is  in  good  physical  condition  with  no  major  maintenance  or 
structural  problems.  Several  shortcomings  are  sited  in  the  body  of  the  report. 

The  hydrological  study  of  the  dam  and  the  drainage  basin  indicated  that 
the  dam  has  Inadequate  spillway  capacity  to  pass  the  probable  maximum  flood  as 
presently  defined  by  the  state  of  the  art.  This  fact  indicates  that  the  design 
flood  that  was  used  to  construct  the  dam  is  less  than  the  flood  presently  used 
to  test  the  adequacy  of  a structure. 

The  stability  analysis  of  the  structure  indicated  that  the  earthen 
portion  of  the  dam  and  the  non-overflow  portion  of  the  dam  are  stable  under 
both  normal  conditions  and  the  probable  maximum  flood  conditions.  The  spillway 
portion  of  the  dam  is  stable  for  floods  up  to  a recurrence  interval  of 
years  but  could  fail  for  flows  approaching  the  probable  maximum.  While  this 
fact  should  be  of  concern,  the  report  discusses  the  merit  of  this  possible 
failure.  Such  a failure  would  act  as  a safety  valve  to  prevent  other  more  critical 
portions  of  the  dam  from  being  overloaded  or  loaded  to  the  limit.  It  appears 
that  the  spillway  failure  would  be  self-restraining.  Failure  of  a part  of  the 
spillway  portion  would  increse  the  discharge  capability  and  thereby  reduce  the 
pond  level. 


I iiliiii;  II  rwn  '.!«■* 


The  study  has  indicated  that  while  the  maximum  probable  flood  would 
have  a significant  effect  on  the  river  flows  downriver  of  the  Indian  Lake 
Danii  the  flows  will  not  be  significantly  increased  as  a result  of  the  dam. 
This  conclusion  is  based  on  the  criteria  and  assumptions  generated  in  the 
study. 

The  above  items  as  well  as  others  cu*e  covered  in  detail  in  the  main 
text  of  the  report. 


Paul  L.  Berube 


GENERAL 


In  accordance  with  our  proposal  of  Nay  5,  1977,  this  is  a report  of  the 
inspection  and  study  of  the  masonry  dam  at  Indian  Lake,  New  York.  The  dam  is 
about  47  feet  high  with  an  overall  length  of  550  feet.  The  dam  was  built  around 
189S.  The  dam  presently  serves  as  a water  storage  structure  for  downriver  uses 
as  well  as  for  maintaining  the  water  level  for  the  recreational  area  surrounding 
Indian  Lake. 

The  dam  consists  of  three  sections;  an  earthen  section  about  210  feet  long 
on  the  southern  end,  n granite  block  masonry  non-overflow  section  about  170  feet 
long  in  the  center,  uid  a granite  block  masonry  spillway  section  about  170  feet 
long  on  the  northern  end.  The  earthen  section  varies  in  height  from  about  12  feet 
to  about  45  feet,  while  the  entire  center  section  is  from  45  to  47  feet  high  and 
tlie  northern  spillway  section  varies  in  height  from  about  12  feet  to  40  feet. 

Objective 

The  scope  of  the  study  and  this  report  is  to  perform  a thorough  physical 
Inspection  of  the  dam  structure  above  and  below  the  water  surface.  The  study 
also  Includes  a hydrologic  examination  of  the  Indian  Lake  drainage  area  to 
evaluate  normal  and  flood  flow  conditions.  Spillway  capacity  of  the  dam  structure 
is  important  and  is  a major  consideration  of  the  study.  The  stability  of  the 
dan  structure  is  also  of  major  importance  and  the  stability  analysis  of  the 
structure  under  normal  and  flood  conditions  is  covered  in  the  study.  All  the 
above  points  of  study  are  of  importance  to  the  main  concern  of  what  effects  the 
dam  may  have  down  river  during  flood  flow  conditions  should  the  dam  fail.  The 
study  is  documented  and  presented  in  this  report  of  observed  and  estimated 
conditions  with  any  conclusions  and  recommendations  that  we  determine  appropriate. 

Program 

The  program  established  for  this  project  can  be  broken  down  into  four  main 
parts.  The  first  part  is  labelled  physical  and  it  involved  the  actual  inspection 
and  evaluation  of  the  dam  structure  and  the  surrounding  terrain  and  conditions. 
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CoMMon  areas  of  concern  and  types  of  potential  problems  looked  for  are 
cracks,  settlement,  shifts,  deterioration,  loss  of  riprap  protection,  inoperable 
or  misused  discharge  structures,  and  inadequate  drainage  evidenced  by  abutment 
leaks,  boils  or  seeps. 

The  second  part  is  hydrological.  It  is  necessary  to  analyze  the  drainage 
area  to  assess  the  water  flows  that  do  occur  as  well  as  those  that  could  occur 
during  flood  periods.  The  objective  of  the  hydrological  study  is  to  determine 
the  flows  and  the  resulting  water  elevations  at  the  dam  site.  In  addition  to 
the  many  varied  parameters  associated  with  precipitation  and  runoff,  the  reservoir 
and  the  dam  structure  are  critically  important  in  determining  the  hydraulic 
capacities  of  the  site.  This  part  includes  complete  hydraulic  analysis  of  the 
dam  to  determine  discharge  capacities. 

The  third  part  of  the  program  is  the  stability  of  the  dam  structures.  After 
the  dam  has  been  inspected  for  physical  distress  and  the  hydrological  study  has 
provided  information  on  predictable  operating  conditions,  the  vcu~ious  sections  of 
the  dam  must  be  checked  for  stability.  A dam  under  load  can  fail  in  several  ways. 

The  weight  of  the  water  may  push  the  dam  or  a section  of  the  dam  down  river  and 
produce  a sliding  failure.  The  force  of  the  water  behind  the  dam  may  tip  the  dam 
over  and  produce  an  overturning  failure.  Uplift  pressures  from  the  bottom  of 
the  dam  may  combine  with  the  forces  above  to  cause  either  a sliding  or  overturning 
failure.  Seepage  through,  under,  or  around  the  dam  may  lead  to  failure  by  piping, 
undermining,  or  sloughing.  Overtopping  eeurthen  portions  of  a dam  can  produce  a 
washout  failure. 

The  Indian  Lake  Dam  has  been  an  existing  structure  for  many  years  so  the 
major  concerns  are  those  that  would  result  from  deterioration  or  long  term 
progressive  failures,  or  failures  from  flood  forces  that  have  not  yet  been 
experienced  at  the  site.  The  stability  analysis  based  on  the  flows  of  the 
hydrological  part  establish  a level  of  confidence  for  the  dam  for  as  yet  unexper- 
ienced flood  flows.  The  detailed  inspection  of  the  physical  part  attempts  to 
identify  and  locate  any  signs  that  the  dam  is  weakening  or  becoming  unstable  through 
long  term  progressive  failure  or  deterioration. 
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The  fourth  part  of  the  program  can  be  called  downstream  considerations* 

This  part  of  the  program  is  entirely  dependent  on  the  results  of  the  first  three 
parts.  -If  the  study  to  this  point  indicates  that  the  control  structures  will 
not  be  overtopped  and  are  stable  then  there  is  no  reason  to  investigate  downriver 
effects  of  the  flow.  Likewise,  if  the  dam  is  overtopped  but  the  overtopping  does 
not  result  in  a predicted  failure,  there  is  usually  no  reason  to  investigate 
downriver  effects  of  the  flow.  However,  any  predictable  failure  makes  the  entire 
report  subordinate  to  what  effects  this  failure  would  have  on  life  and  property 
downriver  of  the  failure  site.  The  owner  of  a dam  site  does  not  usually  have 
control  of  do«mrlver  area;:  or  activities,  lliis  lock  of  downriver  control  means 
that  the  only  way  of  reducing  danger  to  public  safety  and  property  damage  is  to 
modify  the  structures  to  safely  pass  the  indicated  flows  or  else  reduce  the  flows 
by  additional  upriver  control  structures.  While  life  and  property  are  always 
in  danger  during  any  flood  condition,  the  responsibility  of  a dam  owner  logically 
^ s limited  to  the  additional  effects  that  would  occur  if  a dam  fails  over  that 
which  would  occur  if  the  dam  did  not  fail. 

PHfSrCAL  INSPECTIOW 

The  dam  was  inspected  on  September  8,  1977  by  Mr.  Paul  L.  Berube  of 
Kleinschmidt  ft  Dutting  with  the  help  of  Mr.  Charles  Finkelstein  and  Mr.  William 
Saidel  both  of  Sub-sea  Surveyors  Incorporated.  Mr.  Harr,  caretaker  of  the  dam 
for  International  Paper  CoiQ>any,  provided  administrative  assistance  and  general 
site  information. 

• The  water  level  war.  ahoiil  one  fool,  holow  the  spillway  cre.ot  durinr.  the 

inspection.  Water  was  being  discharged  through  the  flume  gates  to  maintain 
minimum  downriver  flows.  Visual  inspection  of  the  portions  of  the  dam  showed  a 
number  of  conditions.  The  earthen  section  of  the  dam  was  true  to  shape  with  no 
signs  of  settlement  or  sloughing.  The  upriver  face  was  very  well  riprapped  with 
no  apparent  defects.  The  downriver  face  and  the  top  of  the  earthen  dike  was 
heavily  covered  with  small  trees  and  brush.  Such  growth  should  be  removed  and 


kept  nrom  re-establishing  itself  in  the  future.  The  trees  present  a potential 
for  future  concerns  because  of  the  root  systems  that  develop  in  the  dikes. 

Larger  -trees  may  blow  over  and  damage  the  surface  of  the  dike  and  result  in 
future  erosion.  If  overtopping  does  occur,  trees  uprooted  could  speed  the 
washout  failure  of  the  dike.  Some  seepage  was  noticeable  on  the  downriver  toe 
of  the  dike,  but  the  amount  was  not  sufficient  to  cause  any  erosion  or  sloughing. 

A granite  block  wingwall  separates  the  downriver  earthen  section  from  the 
non-overflow  section.  This  wall  has  evidence  of  long  periods  of  slow  seepage 
across  the  majority  of  its  face.  The  only  active  weeping  at  the  time  of  the 
Inspection  was  along  the  toe  of  the  wingwall  and  a flow  of  about  one  half  gallon 
per  minute  coming  from  a Joint  between  two  granite  blocks  several  feet  from  the 
bottom  of  the  wall.  No  evidence  of  any  harmful  effects  of  this  seepage  could 
be  found.  Routine  observation  of  the  situation  is  the  only  action  that  is  in 
order.  All  such  observations  should  be  recorded  to  enable  a quantitative 
evaluation  from  time  to  time  to  insure  that  any  worsening  of  the  condition  will 
be  detectable  and  permit  timely  scheduling  of  remedial  action. 

The  stone  block  portions  of  the  dam  were  carefully  inspected  both  above 
and  below  the  water  surface.  The  masonry  sections  aq>pear  to  be  structurally 
sound  with  no  signs  of  shifting  or  any  type  of  movement.  All  the  lines  of  the 
structure  appear  straight  and  true  to  the  original  shape.  No  masonry  parts  were 
noticed  out  of  plumb  or  misaligned.  The  downriver  face  of  the  masonry  Indicates 
that  minor  amounts  of  weeping  have  occurred  over  the  majority  of  the  surface 
below  the  water  line  for  long  periods  of  tine.  Ten  to  twenty  percent  of  the 
downriver  surface  below  the  pond  water  line  was  wet  from  seepage  at  the  time  of 
the  inspection.  This  seeping  does  not  pose  any  special  structural  or  safety 
problems  at  the  present  but  again  the  conditions  should  be  documented  periodically 
to  allow  quantitative  evaluations  of  any  worsening  of  conditions  in  the  future. 

Mr.  Harr  noted  that  he  could  remember  twenty  years  ago  when  the  masonry  used  to 
leak  a considerable  amount  and  water  squirted  from  the  Joints  on  the  downriver 
face.  Since  that  time,  the  entire  masonry  portion  of  the  dsn  has  been  sealed 
with  a cementous  material. 
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A aubstantlal  growth  of  trees  about  ten  feet  tall  has  established  Itself 
along  the  downriver  toe  of  the  non-overflow  section.  Saall  trees  have  even 
established  themselves  in  the  Joints  of  the  block  masonry  face.  All  such  growth 
should  be  removed  and  not  allowed  to  re-establish  itself. 

As  noted  earlier,  the  masonry  portion  of  the  structure  has  had  a grout 
sealer  applied  to  It  sometime  in  the  past.  A few  areas  of  this  grout  has  spaulled 
off  and  other  areas  appear  to  have  weathered  off. 

In  genex^  the  block  Joints  above  the  water  line  appear  to  be  in  good 
shape  with  only  an  occasional  Joint  in  need  of  repointing. 

The  gatehouse  is  located  in  the  center  of  the  dam  and  houses  two  electrically 
operated  flume  gates.  The  gatehouse  is  constructed  of  block  masonry  that  is  in 
excellent  condition. 

The  flume  gates  were  operated  to  test  their  ability  to  function.  The  gates 
were  closed  to  stop  the  water  flow  and  allow  divers  to  investigate  the  masonry 
dam  below  ttie  water  line . The  gates  opened  properly  but  would  not  close  tightly 
and  stop  the  flow  completely.  This  fact  is  a maintenance  item  and  probable  of 
little  concern  since  the  leakage  was  minor  cuid  a minimum  downriver  flow  must  be 
maintained  anyway. 

Very  minor  quantities  of  frost  spaulling  was  noted  on  the  masonry  sections 
of  the  dam.  This  spaulling  Involved  only  the  cementous  coating  and  is  not 
significant. 

Five  cracks  were  noted  on  the  concrete  cap  that  extends  across  the  non-overflow 
section  of  the  dam.  Only  two  of  the  cracks  extend  into  the  block  masonry  of  the 
dam.  Very  close  Inspection  of  these  fine  cracks  (less  than  1/8  inch  in  width) 
revealed  that  absolutely  no  movement  has  tcdien  place  at  the  cracks  other  than  the 
formation  of  the  cracks  themselves.  The  cracks  appear  to  be  quite  old.  No  problems 
related  to  these  cracks  could  be  found.  These  two  cracks  are  located  84  feet  and 
129  feet  from  the  south  end  of  the  non-overflow  section. 

A copy  of  the  diver's  reports  of  the  under  water  inspection  is  appended 
to  this  riport.  In  general,  the  divers  reported  that  the  masonry  below  the  water 
line  was  in  good  condition.  Some  random  Joints  and  small  holes  have  spaulled 
open  but  the  extent  of  this  deterioration  does  not  merit  special  attention  at  this 
time.  Holes  and  Joints  should  be  repaired  if  the  structure  is  dewatered,  but 
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dewatering  should  not  be  done  Just  to  patch  the  nasonry  face.  The  condition 
will  obviously  worsen  as  time  goes  on  and  maintenance  will  be  needed  sometime 
in  the  future.  Periodic  review  of  the  underwater  face  will  allow  timely  main- 
tenance when  the  condition  worsens  and  repairs  are  required. 

The  divers  also  indicated  that  the  trash  racks  and  gates  were  in  desperate 
need  of  cleaning  and  probable  repair.  Clogged  racks  and  gates  restrict  the 
discharge  capability  of  the  dam  in  case  of  flood  flow  conditions. 

The  log  sluice  is  no  longer  used  and  the  sluice  opening  has  been  gated 
with  a steel  gate.  However,  there  is  no  equipment  to  open  the  gate.  The  lifting 
bean  is  about  five  feet  above  the  top  of  the  gate  so  that  a chain  fall  could  only 
lift  the  gate  a few  feet.  This  situation  restricts  the  actual  flow  capacity  of 
the  dan  since  the  gate  would  probably  remain  closed  or  only  opened  a few  feet 
during  an  actual  flood  condition. 

Conclusiors; 

The  physical  inspection  of  the  dam  indicated  that  the  entire  structure 
appeared  in  good  structural  condition  and  appeared  free  from  any  signs  of  potential 
or  developing  safety  hazards.  Several  maintenance  items  should  be  undertaken  in 
the  near  future.  They  include  removing  the  trees  and  brush  from  the  earthen 
section  of  the  dam  from  the  downriver  toe  of  the  dam  and  from  the  Joints  of  the 
block  work.  The  racks  and  gates  should  be  cleared  of  any  debris  that  has  built  up. 

Several  items  should  be  inspected  and  the  results  documented  for  future 
reference.  These  items  include  seepage  at  the  toe  of  the  earthen  section, 
seepage  through  the  wingwall,  seepage  through  the  block  masonry  section, and  holes 
and  Joints  spaulling  below  the  water  line. 

Two  operational  items  should  also  be  considered.  First  the  log  sluice 
could  be  modified  for  active  use  during  high  flow  conditions.  Second,  no  auxiliary 
method  of  operating  the  flume  gates  was  noticed.  A power  failure  during  flood 
conditions  could  find  the  gates  in  a closed  position  with  no  way  of  opening  them. 
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HYDROLOGICAL 

nt*  hydrology  of  • drainage  area  is  unique  to  that  drainage  area  and 
is  dependent  on  a very  large  number  of  factors.  Most  of  these  factors  are  not 

■ 

only  variable  between  drainage  areas  but  are  also  variable  within  a single 
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I drainage  area.  In  addition,  the  many  factors  are  interrelated  with  each  other 

and  form  a seemingly  hopeless  tangle  of  possibilities  that  could  result  from 
the  hydrology  of  a single  drainage  basin.  The  hydrologic  conditions  that  this 
report  is  concerned  with  are  the  extremes  that  could  be  expected  as  a "maximum 
probable  precipitation"  Uiat  could  result  in  a "maximum  probable  flood"  flow. 

The  entire  subject  from  laeteorolgy  to  river  flows  can  be  very  complex  and  the 
science  or  art  of  predicting  natural  occurences  is  far  from  exact. 

While  methods  cu^  available  for  predicting  the  "possible  maximum  precip- 
itation" and  the  "possible  maximum  floods"  it  is  not  reasonable  to  design  or 
consider  the  largest  precipitation  that  could  theoretically  occur.  The  "possible 
maximum"  concept  requires  that  every  possible  natural  occurance  and  variable  must 
occur  at  a critical  time  and  place.  Such  a combination  of  occurances  is  • 
theoretically  possible  but  highly  improbable.  A faur  more  useful  iq>proach  is  the 
"probable  maximum  precipitation"  and  the  "probable  maximum  flood"  that  can 
reasonably  be  expected  to  occur.  The  "probable  maximum"  concept  allows  for 
weighted  Judgment  of  the  practicality  of  assuming  critical  conditions  of  all 
parameters  simultaneously. 

The  probable  maximum  eq>proach  is  generally  accepted  or  required  by  most 
agencies  such  as  the  Federal  Energy  Regulatory  Commission  and  the  U.S.  Army 
Corps  of  Engineers.  The  Army  Corps  has  developed  a number  of  computer  programs 
to  facilitate  the  various  types  of  hydrology  studies  commonly  done  by  the  Corps. 
One  such  program  is  entitled  HEC-1  Flood  Hydrograph  Package.  This  HEC-1  program 
was  used  to  model  the  Indian  Lake  drainage  area  and  generate  the  probable  maximum 
flood.  The  U.S.  Weather  Bureau  and  the  U.S.  Army  Corps  of  Engineers  Hydro- 
meteorological Report  #33  was  used  to  establish  the  appropriate  precipitation 
values  for  the  Indian  Lake,  New  York  area  to  be  studied  in  the  computer  model. 
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A brief  description  of  the  general  procedures  used  follows.  Available 
weather  data  records  are  reviewed  and  an  appropriate  storm  is  selected.  In 
this  case  insufficient  data  were  available  for  the  Indian  Lake  drainage  basin, 
so  that  records  of  similar  drainage  basins  were  used  and  adjustments  made  to 
compensate  for  any  known  differences  between  the  drainage  basins.  The  next 
s^ep  is  to  use  the  computer  to"reconstitute*'  the  runoff  hydrograph.  This  is 
done  by  selecting  parameters  that  the  computer  program  uses  to  generate  a 
hydrography  that  is  as  nearly  identical  to  the  runoff  hydrograph  as  possible. 

Once  the  storm  has  been  satisfactorily  reconstituted  by  successfully  modelling 
certain  hydrological  variabilities  of  the  drainage  basin  a probable  maximum 
precipitation  is  selected  from  the  Hydrometeorological  Report  #33.  This  precipi- 
tation value  is  fed  into  the  computer  and  the  program  generates  and  routes  the 
probable  maximum  flood  through  the  reservoir.  The  computer  program  is  extremely 
versatile  and  for  this  study  the  drainage  basin  model  included  the  modelling 
of  the  Indian  Lake  Dam  at  Indian  Lake  itself. 

The  results  of  the  computer  study  indicated  that  a probable  maximum 
precipitation  of  19  Inches  would  produce  a meucimum  inflow  to  Indian  Lake  of 
approximately  26,000  cubic  feet  per  second  and  a maximum  outflow  at  the  dam 
site  of  approximately  16,000  cubic  feet  per  second.  The  elevation  of  the  lake 
would  go  from  its  normal  full  elevation  of  1650  feet  to  an  elevation  of  1659  feet. 

Two  nearby  drainage  basins  were  used  to  model  the  Indian  Lake  basin.  These 
basins  were  the  Newcombe  River  with  a drainage  area  of  192  square  miles  and  the 
East  Branch  of  the  Sacandaga  River  with  a drainage  area  of  114  square  miles. 

Indian  Lake's  drainage  area  is  ^proximately  132  square  miles. 

Several  assumptions  were  made  about  the  operation  of  the  dam.  The  Lake  was 
assumed  full  at  elevation  1650  feet  at  the  start  of  the  storm.  The  flume  gates 
and  the  log  sluice  were  assumed  opened  once  0.2  feet  of  flow  was  going  over  the 
spillway.  The  drainage  basin  was  modeled  as  a single  drainage  area  with  no  sub 
areas. 

Actual  operating  and  starting  conditions  may  vary  from  those  assumed  above, 
but  a set  of  starting  values  is  necessary  and  the  values  used  are  assumed 
reasonable  unless  more  detailed  information  becomes  available.  Differing  actual 
conditions  would  make  the  results  more  conservative  or  less  conservative  than 
the  values  generated  in  the  study.  The  question  of  probability  versus  possibility 
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comes  into  play  again. 

The  flows  indicated  above  are  large  and  must  be  placed  in  the  proper 
perspective.  A standard  calculation  of  the  recurrence  interval  of  a storm 
that  would  produce  a runoff  of  16,000  cfs  from  the  Indian  Lake  drainage  basin 
resulted  in  a recurrance  interval  in  excess  of  one  million  years.  This  means 
that  a flood  of  that  magnitude  will  not  occur  on  the  average  of  once  in  one 
million  years  or  more. 

■1 
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Conclusions; 

The  hydrological  portion  of  the  r.turty  indicates  that  the  probable  maximum 
precipitation  would  produce  a substantial  runoff  flow  from  the  Indian  Lake 
drainage  basin.  Routing  the  runoff  flow  through  the  lake  reduces  the  flow 
from  about  26,000  cfs  into  the  lake  to  about  16,000  cfs  out  of  the  lake.  This 
dampering  effect  caused  by  the  storage  in  the  lake  as  the  water  rises  is  very 
beneficial  to  everything  dovmriver  of  the  dam.  The  study  indicated  that  the 
lake  surface  elevation  would  increase  to  1659  feet.  This  elevation  is  2 feet 
above  the  walk  on  the  spillway  and  the  non-overflow  sections.  This  elevation  is 
the  same  elevation  listed  for  the  earthen  section  of  the  dam.  Calculations  or 
assisnptions  were  not  manipulated  to  keep  the  flows  and  elevations  at  or  below  the 
capacity  of  the  site.  It  is  merely  a matter  of  happening  that  the  probable  maximum 
flood  flows  and  the  resulting  water  elevations  Just  matches  the  capacity  of  the 
site  without  over  topping  the  earthen  section  and  causing  a washout  failure. 

Over  topping  of  the  non-overflow  section  indicates  that  the  probable  maximum 
flood  exceeds  the  capacity  of  the  design  flood  of  the  dam. 


STABILITY  ANALYSIS 


The  stability  of  the  dan  means  static  stability  for  purposes  of  this 
study.  Water  pressure  and  the  weight  of  the  dam  are  the  major  forces  concerned. 
Since  ice  pressures  are  considered  to  occur  at  normal  pond  levels  but  not  at 
flood  flow  levels,  ice  pressures  are  not  included  in  any  stability  analysis. 

The  structure  has  gone  through  80  winters  of  ice  at  normal  pond  levels  with 
no  signs  of  adverse  effects.  No  further  verifications  were  considered  necessary 
for  ice  pressures. 

The  forces  acting  on  the  dam  can  be  orpnraLed  into  two  groups.  The  first 
group  is  the  stabilizing  forces  which  act  to  hold  the  dam  in  place  and  prevent 
the  structure  ftrom  failing.  These  forces  consist  of  the  weight  of  the  dam  itself, 
weight  of  any  water  resting  on  the  dam  which  adds  to  the  weight  of  the  dam,  and 
the  strength  of  any  anchoring  or  bracing  devices  which  may  be  included  in  the 
dam. 

The  second  group  of  forces  is  the  unstabilizing  forces  which  act  to  move 
the  dam  by  overturning  it  or  sliding  it  down  river.  These  forces  consist  of 
the  pressure  of  the  water  against  the  face  of  the  dam  and  the  uplift  pressure 
under  the  dam.  Uplift  pressures  are  the  result  of  water  seeping  or  flowing 
through  the  dam  or  its  foundation.  Uplift  pressures  can  vary  greatly  and  they 
are  difficult  to  estimate  without  actual  measurements.  These  uplift  pressures 
cause  a reduction  in  the  effective  weight  of  the  dam  and  thereby  reduce  both 
the  dams  sliding  and  overturning  resistance.  Most  dams  have  some  uplift  pressures 
and  the  mere  presence  of  such  pressures  is  not  a sign  of  a failure  or  pending 
failure. 

Stability  of  the  masonry  dam  was  checked  at  two  sections.  The  two  sections 
were  the  typical  sections  of  the  non'-overflow  portion  and  the  spillway  portion 
as  shown  on  International  Paper  Company  Drawing  3.P.V.  246S-A.  These  sections 
were  checked  for  stability  under  both  normal  and  probable  maximum  flood  levels. 
Stability  was  checked  for  a condition  of  no  uplift  pressure  and  a condition  of 
uplift  pressure  that  varied  from  50%  of  the  pond  height  at  the  upriver  heel  of 
the  dam  to  no  uplift  pressure  at  the  downriver  toe  of  the  dam.  Without  detailed 
field  measurements  there  is  no  way  of  predicting  which  of  the  uplift  conditions 
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is  closest  to  the  actual  condition 


It  is  accepted  criterion  that  a dam  section  is  conservatively  stable 
against  overturning  and  requires  no  special  study  if  the  resultant  of  all  the 
forces  acting  on  the  section  falls  vithin  the  middle  third  of  the  base  area  of 
the  dam  provided  no  unusual  conditions  are  present.  The  stability  calculations 
show  that  both  sections  are  stable  under  normal  water  elevations  for  the 
conditions  assumed  from  previous  parts  of  this  study.  The  resultant  of  all  the 
forces  falls  within  or  very  near  the  middle  third  of  the  base  area.  Both 
sections  are  also  safe  against  sliding  failure  under  normal  water  conditions. 

The  above  findings  are  consistent  with  the  fact  that  the  structure  has  remained 
in  place  for  eighty  years. 

The  stability  calculations  of  the  section  during  the  probable  maximum  flood 
elevation  of  1659  feet  showed  different  results.  The  resultant  of  the  non-overflow 
section  fell  near  the  one  quarter  point  of  the  base  rather  than  between  the  one 
third  and  two  thirds  points.  While  this  resultant  position  is  outside  the 
conservative  safe  zone,  other  considerations  indicate  that  the  section  is  stable 
under  the  assumed  conditions.  The  safety  margin  against  sliding  is  also  greatly 
reduced  during  the  flood  elevation  but  it  is  still  within  acceptable  limits. 

The  resultant  of  the  spillway  section  during  flood  elevations  falls  near 
the  one  eighth  point  and  while  the  actual  physical  conditions  may  prove  the 
section  to  be  stable  there  is  a reasonable  probability  that  parts  of  the 
spillway  section  would  be  overturned.  In  addition  sliding  resistance  of  the 
I section  has  been  exceeded  and  the  section  may  move  downriver  under  the  conditions 

studied.  A combination  of  the  overturning  and  the  sliding  potential  makes  it 
reasonable  to  say  that  the  section  may  be  found  in  place  after  the  maximum 
probable  flood  recedes  but  the  probability  is  that  the  spillway  section  will  be 
breached  to  some  extent. 

The  probability  of  failure  of  the  spillway  section  under  the  probable  maximum 
flood  flows  does  have  considerable  merit  and  should  not  be  considered  a completely 
undesirable  event.  Without  the  spillway  failure  the  water  level  is  predicted  to 
rise  to  the  top  of  the  earthen  section  and  the  non-overflow  section  is  predicted 
to  be  nearing  its  limits  of  safety.  Failure  of  a part  of  the  relatively  shallow 
spillway  section  will  increase  the  discharge  flow  but  more  importantly  it  will 
prevent  the  water  level  from  topping  the  earthen  section  or  endangering  the 
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non-overflow  section.  Either  of  these  alternate  failures  would  be  nore  severe. 

Failure  of  the  non-overflow  section  would  be  especially  critical  since  it  would 
probably  result  in  complete  failure  of  the  entire  170  foot  long  by  47  foot  high 
section.  The  spillway  section  would  act  as  a safety  valve  to  prevent  a more 
extensive  failure  of  the  other  portions  of  the  dam. 

If  we  assumed  that  50%  of  the  spillway  portion  of  the  dam  is  lost,  an 
additional  discharge  capacity  of  6000  cfs  would  be  created  at  a water  elevation 
of  1659  feet.  However,  since  the  spillway  section  will  probably  fail  before 
the  water  reaches  elevation  1659  feet,  somewhat  less  than  6000  cfs  additional 
discharge  would  result.  Additionally,  the  estimated  discharge  would  be  somewhat 
less  than  the  calculated  16,000  cfs  because  of  the  reduced  water  level.  It 
appears  likely  that  the  combined  total  discharge  with  a 50%  spillway  failure 
would  be  approximately  the  same  as  the  discharge  that  would  occur  if  the  spillway 
remains  in  place.  The  greatest  effect  that  such  a failure  would  have  would  be 
to  produce  an  Increased  flow  until  the  water  level  subsides  to  the  bottom  of 
the  breached  portion  rather  than  the  normal  dam  crest. 

It  should  be  noted  that  all  the  conditions  discussed  above  produce  a 
discharge  that  is  substantially  less  than  the  natural  flow  of  the  site  represented 
by  the  lake  inflow  figure  of  26,000  cfs. 

Table  1 shows  the  results  of  the  stability  analysis  of  the  two  sections  studied. 

Because  of  the  nature  of  the  spillway  construction  and  an  absence  of 
detailed  field  measurements,  it  is  impossible  to  know  at  exactly  what  water 
level  and  flow  conditions  the  spillway  would  start  to  fail.  Failure  of  a 
granite  block  structure  such  as  the  spillway  often  occurs  by  the  blocks 
"unravelling”  from  the  top  a few  blocks  at  a time.  While  insufficient  data 
is  available  to  absolutely  assure  a point  of  non-failure,  we  feel  confident 
that  the  spillway  will  remain  undamaged  with  a pond  elevation  of  1655.5 
(5.5  feet  above  the  spillway  crest).  This  elevation  is  Just  under  the  walkway 
support  members.  The  approximate  discharge  capability  of  the  spillway  (log 
sluice  and  flume  gates  assumed  closed)  under  these  water  conditions  is  4500 
cfs.  This  flow  corresponds  to  a recurrance  interval  of  10,000  years.  In  other 
words,  the  spillway  should  be  free  of  damage  from  a flood  with  a magnitude  that 

» 

I will  not  occur  on  the  average  of  more  than  once  in  10,000  years  or  more. 

1 

14 

I 


Section 

TABLE  1 

RESULTS  OF  STABILITY  ANALYSES 

Location  of 

Resultant  * 

Sliding 

Factor  *♦ 

Non-overflow 

Case  1-A 

Case 

1-B 

0.46 

0.52 

Case 

2-A 

0.36 

0.65 

Case 

2-B 

0.27 

0.83 

Spillway 

Case 

1-A 

Case 

1-B 

0.31 

0.16 

Case 

2-A 

0.33 

0.69 

Case 

2-B 

0.14 

1.08 

Case  1 : 

Case  2 : 

Case  A : 

Case  B : 

Normal  water  elevation  of  1650  feet. 

Flood  water  elevation  of  1659  feet. 

No  uplift  forces  acting  on  the  dam. 

50%  of  static  pressure  acting  as  uplift  pressure 

at  the  upriver 

and  reducing  to  no  uplift  pressure  at  the  dovmriver  toe. 


♦ Location  of  the  resultant  is  given  as  a decimal  fraction  of  the  base  width 
of  the  nertlon.  Vnlues  from  to  0.67  ore  conservoi  i ve. 

**  Sliding  factor  is  the  sum  of  the  horizontal  forces  divided  by  the  sum  of  the 
vertical  forces. 
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Conclusions 

The  stability  analysis  indicates  that  the  earthen  portion  and  the  non>«verflow 
portions  of  the  dam  appear  safe  but  are  approaching  the  limits  of  safety.  The 
spillway  section  appears  to  be  unstable  at  the  probable  maximum  flood  conditions. 
The  probable  failure  of  a part  of  the  spillway  section  will  act  as  a safety  valve 
to  protect  the  non-overflow  and  the  earthen  portions  of  the  dam.  The  flow  increase 
caused  by  SOX  spillway  failure  should  not  exceed  the  maximum  outflow  that  would 
result  without  the  failure. 

It  must  be  emphasized  that  the  entire  procedure  from  precipitation  prediction 
to  the  question  of  if  and  when  a failure  would  occur  is  based  on  probabilities 
and  reasonable  assumptions.  Variations  of  one  or  more  factors  will  obviously 
make  the  results  either  more  conservative  or  less  conservative.  Additional 
discharge  or  by-pass  capability  to  reduce  the  water  level  during  flood  conditions 
would  make  the  site  more  acceptable  from  a conservative  view  point.  However, 
a more  detailed  study  may  reveal  that  additional  discharge  capability  may  not 
reduce  the  total  discharge  from  the  site  from  the  present  situation.  The  only 
advantage  may  be  to  completely  control  the  discharge  and  control  the  lake  at 
crest  level  rather  than  an  unknown  breached  level. 


\ 
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Much  of  the  concern  about  the  dam  safety  has  little  to  do  with  the  dam 
Itself.  Major  concern  often  centers  around  the  effects  that  flood  flows  have 
on  persons  and  properties  downriver  of  the  dam  site.  The  first  parts  of  this 
report  have  dealt  with  the  physical  condition  of  the  dam,  the  hydraulic  capacity 
of  the  dam,  the  flows  that  the  dam  will  probably  be  subject  to  and  the  static 
stability  of  the  dam  under  these  hydraulic  loadings. 

The  findings  indicate  that  the  maximum  probable  flood  will  defintely  press 
the  structure  to  its  limits  and  will  probably  cause  a partial  failure  of  the 
spillwsy  area.  However,  the  dam  will  probably  stand  the  flood  without  the 
complete  and  catastrophic  failure  of  the  larger  center  or  earthen  parts  of  the 
dam.  The  failure  that  seems  probable  would  not  significantly  increase  the 
downriver  flow  beyond  the  flow  that  would  result  if  the  structure  remained 
completely  in  tact. 

The  flood  flows  discussed  in  this  report  will  certainly  have  cm  effect  on 

downriver  areas.  Since  it  appears  that  the  dam  structure  would  continue  to 

damper  the  peak  discharge  of  the  drainage  basin  of  the  dam  from  26,000  cfs  to 

16,000  cfs,  our  conclusion  based  on  the  criteria  and  assumptions  of  this  study 

\ 

is  that  the  Indian  Lake  Dam  would  not  pose  an  increased  danger  to  downriver 
population  and  property  during  a probable  mcucimum  flood. 

While  it  is  obvious  that  the  road  causeway  and  small  bridge  downriver  of 
the  dam  would  be  flooded  along  with  some  camps  and  maybe  even  the  highway  bridge 
on  Route  28,  no  detailed  investigations  were  made  of  downriver  conditions  based 
on  the  conclusions  of  the  above  paragraph. 
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ABSTRACT 

Sub  S«a  Surveyors  was  contracted  by  Kleinschatidt  & Dotting  to  conduct 
a one  day  visual  underwater  inspection  of  the  Indian  Lake  Dan  at  Indian 
Lake,  M.Y.  The  prine  purpose  of  this  survey  was  to  determine  this  over- 
all structural  integrity  of  the  dan  through  visual  only  means. 

Mr.  Berube,  Consulting  Engineer  from  Kleinschsiidt  a Dotting  was  on  site 
during  the  inspection. 

No  major  structural  damage  was  sighted,  however  the  cement  like  facing 
material  was  chipping  away  from  the  dam  face  in  several  locations  ex- 
posing the  primary  dam  rock  wall.  Three  of  the  four  upstream  gates 
were  heavily  fouled  with  logs  and  miscellaneous  debris. 

PROCEDURE 

The  dam  was  marked  off  in  5 feet  increments  (stations  1 through  40) (see 
dam  map  provided  by  KlelnSchidt  6 Dotting) . One  diver  %rould  make  ver- 
tical descents  along  each  station.  A safety  line  was  attached  to  the 
diver.  This  line  was  also  marked  off  in  5 foot  increments.  When  pho- 
tographs were  taken,  the  tender  was  signaled  and  the  divers  depth  and 
position  was  recorded. 

It  is  Sub  Sea  Surveyors  policy  when  conducting  dam  inspections  to  have 
precise  diver  navigation  so  that  we  are  sure  100%  that  the  dam  has  been 
inspected  and  that  any  faults  found  in  the  dam  can  be  relocated.  It 
was  explained  to  us  that  this  kind  of  accurate  inspection  was  not  necess- 
ary in  this  case,  but  rather  an  overall  safety  inspection  of  the  dam  was 
all  that  was  required.  At  Mr.  Berube's  request  we  did  relax  our  naviga- 
tion requirements  so  that  we  could  cover  the  entire  dam  area  in  a shorter 
period  of  time. 

RESULTS 

The  outer  facing  of  the  dam  was  covered  with  a layer  of  a cement  like 
material.  We  were  informed  by  Mr.  Berube  that  a major  maintenance  was 
conducted  some  15  years  ago.  This  thin  layer  of  cement  is  now  chipping 
away  from  the  dam  leaving  exposed  holes  between  the  large  recks.  Some 
of  these  holes  have  been  filled  in  with  smaller  stones.  In  some  areas 
these  smaller  stones  have  loosened  and  are  easily  removed  by  hand  if 
they  have  not  yet  fallen  out. 
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RESULTS  (Cont*d) 

The  enclosed  photographs  show  a representation  of  holes  and  of  the 
outer  layer  chipping  away. 

There  was  no  evidence  of  cracks  or  stone  shifts  in  the  dam  face. 

There  were  no  leaks  detected  in  the  dan  face.  However,  photograph 
1-35  shows  a possible  crack  in  a stone  block.  This  possible  crack 
corresponds  to  a crack  along  the  top  of  the  dan  but  there  was  no  evi- 
dence of  shifting.  This  crack  was  called  to  the  attention  of  Mr. Berube. 

Because  of  the  heavy  staining  of  the  lake  water,  the  photographs  taken 
of  the  valve  gates  were  under  exposed  even  with  the  use  of  the  high 
pdwered  strobe  and  the  fast  filn. 

Three  of  the  four  upstrean  gates  (North  side.  North  front.  South  side) 
were  abstructed  by  lake  debris  (see  figure  IK  Debris  consisted  mostly 
of  broken  tree  linbs,  logs,  leaves,  etc.  The  limbs  and  logs  inter- 
twined to  fom  a net- like  structure  in  such  a fashion  that  the  three 
blocked  gates  %#ere  not  visible.  (See  figure  2) 

The  South  front  gate  was  free  of  debris  either  protruding  into  or  in 
front  of  the  gate.  No  internal  abstructions  were  visible.  The  grating 
infront  of  the  gate  valve  was  in  place,  however,  it  was  badly  rusted 
and  some  of  the  bars  were  broken  free. 

Figure  3 shows  bottom  depths  aroiind  the  gate  house  structure.  It  also 
shows  the  steep  ledge  near  the  north  gates.  The  ledge  could  act  to 
funnel  the  flow  of  water  and  debris  to  the  north  gates.  It  is  also 
possible  that  the  south  front  gate  is  not  operational,  thus  no  flow  and 
no  debris.  The  south  side  gate  is  located  at  a dead  flow  zone.  This 
would  act  to  concentrate  debris  on  the  south  side. 

Adjacent  to  the  south  front  gate  is  a pipe  opening  approximately  5 inches 
in  diameter-.  It  is  located  between  the  south  front  gate  and  the  south 
front  comer  approximately  2 Inches  from  the  bottom.  It  is  free  of  any 
abstructions  (see  figure  1). 

Figure  4 illustrates  a profile  of  the  steel  door.  The  %food  debris  lo- 
cated at  the  obstructed  gates  was  not  evident  at  the  base  of  the  steel 
door.  Salt  and  dirt  filled  in  the  lip  as  illustrated  in  figure  4. 
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OOHCLDSIOH 

Th«r«  was  no  major  damage  found.  No  serious  shifting  of  stone  was 
observed.  It  was  found  ho%#ever  that  a complete  maintenance  to  the 
4 valve  gates  should  be  done  as  soon  as  possible. 

If  a visual  record  of  the  valve  gates  is  required.  Sub  Sea  Surveyors 
recomswnds  that  a complete  maintenance  inspection  be  conducted  with 
an  underwater  television.  This  will  present  a clear  record  of  the 
valve  gates  and  all  cracks  and  holes  in  the  dam  face.  Sub  Sea  Surveyors 
has  the  capability  to  conduct  a complete  dam  maintenance  survey  as  well 
as  the  gate  clearing  and  maintenance  requirements  with  the  same  experi* 
enced  diving  crew. 
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JIKOABBIKQ  IBAIAB  LAlX  OAM 

iNdiaa  lak»  Son  1«  « ooaiposlt#  •trtietitf*  oon- 
■ittlag  of  a Buoniry  poxtioa  with  a nazicoi  haicbt  of 
fOstj-aoTOD  foot,  MTon  foot  vlBa  on  top.  an  oartk  ooo' 
tioa  00  tba  ooot  and  and  a apilloap  naotion  on  tha  want 
and*  Thla  etruotnoa  waa  avaotad  in  1898.  It  appaaxn  to 
9a  a wall  azaoutad  piaea  of  maaonxj  and  aaxth  woxlc,  and 
ia  xapoxtad  to  Bataa  ooat  tha  oontxaatot  about  |89.6d6« 
althoQdh  tha  aontxaat  pxiea  aaj  haaa  boon  oonaidaarably 
■Ota* 

Owing  to  tba  loaa  of  tha  nlantaa  of  tha  fojraat 
Vvaaarra  Boatd,  nndax  wboaa  adainiatvaUon  tba  land  on 
wbiob  tba  Indian  Laka  xaaarfOl*  ia  aitnatad  waa  pwobaaad, 
tbaxa  ia  oonaidarabla  ni;oavtaiatar  aa  to  tba  aocaat  nathoda 
pnraaad  in  tba  ftnanolng  of  tbia  antaxpxiaa*  It  would 
appaax  ffon  auah  fjragaanta  of  ittfOwnation  aa  aziat*  that 
tba  etata  purobaaad  tba  land  fox  |164.0Q0.  with  tba  uodar* 

' ataading  that  tba  dan  wbiob  waa  than  oontvaotad  fox  but 
not  built  abould  ba  oo^platad  bp  tba  Indian  BItox  *^inpnj 
Aiab  aold  tba  land  to  tba  Stata,  and  that  in  oxdax  to  in* 
auxa  anob  oonplatioa  a paxt  of  tba  poxabaaa  twiaa  waa  with* 
bald  and  paid  fxoai  tina  to  tina  to  tba  eontxaatox*  Tha 
daad  of  tba  landa  to  tha  Stata,  bowavax.  xaada  ia  paxt  as 
ibllowo: 

*dlao  amaptlng  and  xoaaxaii«  to  tba  paxtp  of  tba 
fixat  paxt,  ita  auaoaaaoxa  ax  aaoigaa  tba  xigbt  paxpatoallj 
to  naiutaia,  tina,  aontxol  and  epaxata  tba  dan  now.  aa  wall 
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as  suoh  aa  may  hefaafta?  ba  yaiaad,  oonatTUOtad,  rapaivad 
ot  iBproTad,  at  tha  ouUat  of  Indian  Late,  and  also  anali 
othav  dam  ot  dama  aa  may  ba  oonatruotad,  aoroaa  tha  Indian 
BiYav,  lowaT  down  aald  riTat  (fhatha*  looatad  on  tha  abova 
daaoribad  land  o»  notl ; alao  to  flow  all  tha  land  whioh  tha 
watara  vaiaad  by  amoh  daaa  will  ooraw;  alao  to  flood  tha 
landa  by  drawing  tha  watara  from  tha  ponda  valaad  by  aald 
dam  aa  par  tha  aaaal  oonzaa  of  rim  driwlng  fn  Iwhbaring 
•parpoaaa;  alao  tha  right,  at  any  and  all  tlaaa,  of  antaring 
and  oparating  upon  aaid  landa,  ao  far  aa  nay  ba  raaaonably 
naoaaaary  to  oonatrnot,  rapalr  and  maintain  aaid  daan,  float 
and  driring  ont  loga,  and  oparata  and  control  aaid  daaa,  and 
to  appropriata  and  naa  ao  ataoh  of  tha  rooJc,  atona  and  aoil 
of  aaid  landa  aa  nay  ba  raaaonably  naoaaaary  to  appropriata 
or  naa  for  oonatrnoting  and  maintaining  aaid  doma*  lha  fora- 
going  raoarfation  to  ba  aubjaot,  howawar,  at  all  timaa  to 
tha  right  of  tha  party  of  tha  aaoond  pact  by  tha  Snparintand- 
ant  of  Pnblio  aorha  to  draw  watar  from  tha  roaarroir  oraatad 
by  tha  dam  at  tha  ontlat  of  Indian  LaJta,  whenarac,  in  hia 
Indgnant,  it  ahall  ba  raqnirad  for  oaaal  or  othar  Stata  pnr- 
peaaa. 

Alao  anbjaot  to  tha  right  of  tha  porohaaar  of  timbar 
and  loga  from  Stata  landa  to  aloioa  anoh  timbar  and  loga  orar 
aaid  Atm  in  oosaon  with  othara  npon  paying  hia  proportionata 
ahara  of  tha  azpanaa  tharaof.  Suoh  alnioing  to  ba  dona  at 
tha  aama  tima  and  with  tha  othar  ownara  of  loga,  tharaby 
aaonoaiaing  tha  naa  of  watar* 
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fh«  •foyaamld  right*  ohall  ba  forfaitad  and  oaoaa 
uiqrthlng  haralnbafora  oontalnad  to  tha  oontrary  notwlth- 
atandiag.  proTidad  tha  party  of  tha  flrat  part,  Ita  anooaa- 
(ora  Or  aaalgsa  ahall  naglaot  or  fail- to  nalntaln  auoh  aaid 
daa  at  tha  ontXat  of  aald  Indian  Laka*  A braaking  of  aaid 
daa  or  daatrootion  tharaof  aholl  not  ba  daanad  a fallmra  to 
aalntain  tbs  aaaa,  proTidad  it  ahall  ba  proparly  rapalrod  or 
raoonatmotad  within  a raaaonabla  tiaa  aftar  anoh  iajory 
ahall  ooonr*" 

Prom  thia  it  would  appaar  that  it  ia  tha  dntgTvu  .w. 
of  tha  Indian  Utam  Conpaay  to  ■alatala  thia  daa  parpatually 
and  thair  priTllaga  to  naa  it  for  driwing  logo  and  "oparata 
and  oontrol  aaid  daon**  although  tha  pnrpoaa  of  tha  oparation 
othar  than  for  tha  driwing  of  logi  la  not  diaeuaaad  in  tha 
daad* 

It  ia  difficult  to  aaka  an  aatiaata  of  tha  ooat 
of  nuintulning  thia  atruotora.  Struoturaa  of  thia  natura 
ara  unong  tha  noat  paroHuiant  whioh  anginaara  aoka,  if  thay 
ara  proparly  oonatruotad  ia  tha  firat  plaoa*  Tha  faot  that 
thia  daa  haa  atood  alnoa  1890  and  appaara  to  ba  in  good  ooq- 
dition  throughout,  would  indioata  that  it  ia  a good  and  auf- 
fioiant  atruotura*  I think  that  BfL  apon  tha  ralaa  of  tha 
atruotura  would  ba  a fair  aatia>ata  of  tha  awaraga  ooat  of 
■alntanaaoa.  It  ahould  ba  notad,  howowar,  that  thia  oaionnt 
would  ba  applioabla  froa  tha  firat  oonatruotion  of  tha  dan 
and  nalntananea  oubaaquant  to  tha  praaant  tina  night  axoaad 
thia  aiBount.  Tha  itan  of  an  attandant  at  tha  daa  would  prob* 
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AnNOtO  O.  CMAPMAM 
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•mmm  »».i  eo«m>«ie»Ti*»«  »• 

768,  Upper  IladBon 
Indian  Laice* 


Daoember  1,  19S4« 


The  Indian  Hivcr  Coaipanjr,  ‘ 

0/0  Internet icnnl  Paper  Conpany, 

100  I^st  42iid  Street, 

Hew  YorJc  City. 

Attention  of  C.  S.  Colson. 

Gentlemen: 


V.  V . Concerning  the  dam  at  the  outlet  of  Indian  lake, 
which  IB  designated  by  us  as  ITo*  768,  Upper  Hudson  watershed, 
and  which  Is  v/e  believe  2 miles  distant  in  a direct  line  about 
south  from  the  three  way  comer  in  the  center  of  the  village  of 
Ind  i<an  Lake : 


^ There  la  a masonry  pier  4*  square  located  about  30* 
above  tne  dam  and  about  opposite  the  log  siaiceway.  This 
masonry  pier  e^ctends  to  about  gage  height  35  and  is  used  as  an 
anohoxnge  for  a log  boom  for  directing  logs  to  the  sluiceway. 
This  pier  has  broken  apart  horizontally  at  an  elevation  17* 
belo?  its  top  and  is  tilted  toward  the  boom  until  the  break  has 
opened  about  2"  on  the  upstream  side.  Repairs  should  be  made 
by  encasing  the  lower  part  of  this  pier  in  concrete.  77e 
recommend  that  this  bo  accomplished  during  a low  stage  of  water, 
ffe  also  recommend  that  the  upstream  face  of  the  dam  be  rouointed 
*21!  water  stage.  There  is  particularly  a place  about 
10  below  the  present  water  surface  where  the  nortar  has  broken 
awoy  from  some  of  the  joints  of  the  stonework  and  which  our 
Division  ::4ixciTiooT p b*  0*  ffondrioks^  shcnod  tho  roader# 

The  gage  house  roof  is  in  a bad  state  of  repair  and 
should  be  reshlngled.  y 

« ..Y.  Sunken  stumps  and  other  debris  should  be  cleared  away 

from  the  gate  openings.  ' 
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"6  ali'O  rccor'incnd  thut  a standard  pipe  railing  bo 
placed  along  the  top  of  the  dan  proper  as  it  is  necessary  for  the 
gage  reader  ta  crocs  this  section  during  high  nind  stems  and 
v;hen  the  ton  is  ccated  with  ice  this  is  c.  dangerous  operation# 
About  150  lin.  ft.  of  pipe  railing  would  probably  be  required# 

Please  ac::no;lcdge  the  receipt  of  this  letter  and  advise 
us  concerning  the  above. 

Very  truly  yours, 

Dwight  3.  laPu, 

State  rJnglnoer 


Deputy  State  ;ingineer. 


Copy  to 

Division  -higineor  Kendrlohs, 


A-ai/?. 
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•**"=  Indian  Lake  Reservoir 


State  of  New  York 
Department  of  State  Engineer 
Eastern  Division 
Albany 


Deni  IT  t.  La  Dv 

•TAtB  MeMvee 

AmolAO.  Cmamah 


EDH-H 


Noveinber  25,  1924 


Hon.  Dwight  B.  laDu, 

State  Engineer, 

Albaiv,  II.  Y. 

Dear  Sir:- 

I have  had  an  Inspeotion  made  of  the  Indian  Lake  Dam 
at  the  outlet  of  the  Indian  Lake  Reservoir.  At  the  time  the 
inspeotion  was  made  the  v/ater  surface  in  the  lake  v;as  24.8  feet 
below  the  top  of  the  dam  and  17.6  feet  below  the  crest  of  the 
spillway,  the  gage  at  the  dam  being  15.8. 

There  is  one  place  on  the  dam  where  seepage  shows. 

This  point  is  located  about  10  feet  below  the  present  water  sur- 
face. Betv/een  the  top  of  the  dam  and  the  water  surface  cement 
mortar  has  broken  away  from  some  of  the  joints  of  the  stone  work 
which  undoubtedly  allows  some  water  to  seep  tlirough.  This  is 
probably  true  below  the  present  water  surface. 

The  gage  reader  states  that  the  dam  has  always  leaked 
and  does  not  seem  to  be  any  worse  nov;  than  for  a considerable 
time  previous.  The  downstream  faoe  of  the  dam  is  covered  with  a 
orust  of  material  deposited  by  water  seeping  through  the  masonry. 
A patch  of  this  orust  about  6 inches  square  has  broken  away,  mak- 
ing visible  the  seepage  of  the  v/ater.  This  is  the  spot  that  is 
reported  as  a leak. 


While  there  does  not  seem  to  be  any  cause  for  alarm  I 
I would  recommend  that  when  extremely  low  water  ooours  in  the  res- 

> ervoir,  the  masonry  joints  of  the  upstream  faoe  of  the  dam  be 

pointed  up. 

In  addition  to  the  seepage  through  the  dw,  it  was  ob- 
served that  there  is  a masoiury  pier  4 feet  sqtiare  located  about 
30  feet  above  the  dam,  about  opposite  the  log  sluiceway.  This 
masonry  pier  extends  to  about  gage  height  35  and  is  used  as  an 
anchorage  for  a'  log  boom  to  direct  logs  to  the  sluiceway.  This 
pier  has  broken  opart  horizontally  at  an  elevation  17  feet  belov; 
its  top  and  is  tilted  tov/ard  the  dam  until  the  break  is  open  about 
2 inches  on  the  upstream  side.  Repairs  should  be  made  by  enoaaixig 
the  lower  part  oi  this  pier  in  concrete.  This  also  could  bo 
1 accomplished  during  a low  stage  of  v/ater. 


i 


Hon,  D;vight  B.  laUu- 


11-25-24 


The  gate  house  roof  is  in  a had  state  of  repair  and 
should  be  re-shingled. 

Sunken  stumps  and  other  debris  should  be  cleared  away 
from  the  gate  openings. 

I would  also  recommend  that  a standard  pipe  railing 
be  placed  along  the  top  of  the  dam  proper  as  it  is  necessary 
for  the  gage  reader  to  cross  this  section  during  high  wind  storms 
and  when  the  top  of  the  dam  is  ice  costed  and  is  a dangerous 
operation.  150  lin.  ft.  of  pipe  railing  would  be  required. 

Very  truly  yours. 


r 1) 

Pivislon  Engineer 


FokhWii. 


(NOTICE:  After  flUinc  out  cue  of  theoo  foimo  u completely  at  potslblo  for  each  dam  in  your  dUtrict,  rotura  It  at  oaco  to  tha 
Conaorration  Commission,  Albany.) 

State  of  New  York  •• 

Conservation  Commission 

Albany 


O// 

Conservation  Commission, 


DAM  REPORT 


igJLQ... 


(Deu) 


Division  of  Waters. 


Gentlemen: 


I have  the  honor  to  make  the  following ’report  in  relation  to  the  structure  known  as 

the L/2.<s/'.j.j!k..i2..  z.  Dam. 

This  dam  is  situated  upon  theL_.Z^/!Z<sZ’...<?.^.Z:^.f2'x:k^./Z...Z.4fe./ljS^. 

in  the  Town  of....Z/<?.<a^/.ki./.?...Z>.<a-./r.£:L. County, 

about. oL../J2.7y.ASt..S from  the  Village  <a  City  

(SUU  dntuct) 

The  distance iy.o.kt7.{?. stream  from  the  dam,  to  the.Zyj3l/.Uiy.?...Sxjcf?.r../S?jC/!9^.«s , 

(Up  or  down)  (Giv*  name  of  stoiMt  important  atraam  or  of  a bridpa) 

is  about 

(Sute  ilisUact) 

The  dam  is  now  owned  

(Gt¥«  nosDO  ond  ftddrm  ia  fdU) 

and  was  built  in  or  about  the  year.. , and  was  extensively  repaired  or  reconstructed 

. ^ f /eL7i',t  a -f/otu  o-r  /i7eXia.ff 

dunngthc  year.....'r=.....<5*^^«^  to 

As  it  now  stands,  the  spillway  portion  of  this  dam  is  built  

(Stata  whethar  of  maaonry.'mcrcu  or  timber) 

and  the  other  portions  are  built  of.__./JlZut..»J..^A^.rlr..^. — 

(State  whettiMkdf  maacnnr«  concrete,  earth  or  timber  with  or  without  rock  ftll) 

As  nearly  as  I can  Icam,  the  character  of  the  foundation  bed  under  the  spillway  portion 

of  the  dam  is r6.t«.~.y.T...7..::.A". and  under  the  remaining  portions  such 

foundation  Ixxl  is 


(la  the  ipacc  below,  make  a third  skcCrh  ahowing  the  general  plan  of  the  dam,  and  its  approximate  position  in  relation  to  buildings  or 
other  conspicuous  objects  in  the  viciidtp.) 


The  total  Icnj^h  of  this  dam  is.. 


feet.  The  spillway  or  wa.ste- 


weir  portion,  is  about. feet  long,  and  the  crest  of  the  spillway  is 

about. ik. .feet  below  the  abutment. 

The  number,  size  and  location  of  discharge  pipes,  waste  pipes  or  gates  which  may  1^  used, 
for  drawing  off  the  water  from  behind  the  dam,  are  as  follows 

/;a  ^ t ^ 't-  .7t<T^,7ct.///<r.jt.//y  i 


At  the  time  of  this  inspection  the  water  level  above  the  dam  was — ft — y.Z. — in. 


be’.ow 


the  crest  of  the  spillway.  ^/=k<= /*«.'///>  s,/-z/7<s.  //" oj-  f ///^ 


(SUte  briefly,  in  flie  epece  below,  iriMther,  in  yenr  jodement,  ibis  daa  ie  in  good  condition,  or  bed  condition,  defcribing  perticiilariy 
any  leeko  or  cncks  or  eroeiona  wbkh  yon  mty  have  obserrod.) 


/s //.?  C f-rorr? 

/^^KS  y-u  <k  s ^ ^ s K*:  tyzyjy 

c.acy.y/'^  »-/»y7y  A/ .z)’ yzt. ,7  /t* /ra  r~^ 

/*//  /w/rs  rAy^  5/  ^ , . 

^ *'  / J ''  '7  •7-  T^/fyu 

r^»y7<X/  A 

^ ^ f '/'/7/~ « e.  A7  / n oT'  >-*.  / ! 

7^/ff-c'  /77ct  S'fyy/'y  ^ C' ~/<s //P <s yyT^ 


•7-  T’/rytj 


f. 


Reported  by....-::^.; 


(ficnftUtrt) 


{AdArtu  Street  and  number,  P.  O.  Boi  or  R,  F.  D.  route) 


(Num  e(  plMt) 


' Fill  out  a form  as  complete  as  possible  for  each  dam  in  your  district  and  send  to  State 
Cpnser\’ation  Commission,  Albany,  N.  Y. 

1.  Name  and  address  of  owners..J[r*:i.lci.’i..Rttf.ar...Co.,...fil.o.U£...TlV„.Ilj£*Ii^T^ 


2.  Date  of  construction..— .18.9.8. 


3.  Uses  of  impounded  water... Cr. n?,  1 r nr.^ ...rar;  nuf  a r K 

4.  Character  of  foundation  bed ”7^ 

5.  Material  of  waste  spill .5.r.?.!l.?.j , ^ 

6.  Length  of  waste  and  depth  below  dam...^.9.®.*..?;/.?....^.ji;...]-.°.?::l...?..v'.l...®..?.r.iLy....^.?:f:P.j!. 

7.  Total  length  of  dam  including  waste 


8.  Material  of  dam. 


St-onr?  m'.’.  Cr‘nir>no,  end  Concr#>t:.ft, 
■2r"dd'gcTi^’rK"‘'3^’jnn^^'s‘T’ro«:r‘Th'"?TFrfaTIjorV”T'"sT\\Tc^^^ 


9.  Discharges,  size  and  location.  J 


15  fo  lO  d''-'=>p  bplov?  wasofi. 


Below  sketch  section  of  waste  and  section  of  dam,  with  greatest  heights  and  top  thickness 
and  bottom  thickness.  On  opposite  side  sketch  general  plan  of  dam  and  give  distance  from 
a bridge  or  from  a tributary  stream. 

This  darn  is  sl:,nR  jo(?  on  c,hn  onol^u  of  Indian  Laka  on  oownshlp  ^ 

n 

No  Ic  Torn  of  Indian  Lake  TTamil  oon  Counoy,N,Y,  1^  is  abotic.  onn  milp  " 

(t 

from  any  c.ribtit/a.ry  sbroaia  and  abouo  a raiio  f.'r'Om  a bridga,  Z 

o 

, Si 

It  is  47  fnpc,  high  and.  33  fnne,  ihick  on  t-h*^  bov«o:u  and  7 faou  thick? 
on  th^  top,  jhn  vrast/O  iray  ig  gaid  ;,o  dischp.rgc  5.000  C\i.  fc.  par  seconr^ 
when  the  dPiia  is  full,  A 


For  frill  discripoion  of  this  dam  sen  paiaplet  by 
(j,->orgc  W.  P^if  icr,  Wallace  Orn-'nalch  'anc. 


Roberr,  E.,  TTor  jon,  lb  v 

■ it,  '• 

, B'-!p’'inipd  f.nom  Ent:inn'^''’ing  ne  rg  1899.  -a'  f _ In 

I.-  0-U„  (W,  A.  ^ ■i--'  ■ 

. Oj  lu^-M  Z i M *^-A. 

iLt  ^ ix-i  4*^^  ^ d \ ^ 


(SiK'iiiture,  ndilrext  :inii  ilalM.) 


^ y '<* 


6}' 


' '' 

oa  / L ^ ^ ^ 


! ' •<  /V 

^ jt  ^ I’  tit  * * ^ / 


•I  I 


. . ^ V X ^ 


Ilovcr.her  25 , 1924 


'.'o  '.,  ; • ■ 

J3'.  r\'  u . '■  " i;  c:^’, 


.*  t v.;.» 


1 "ii’.vo  h.v.il  t’-.’i  5 n:' ICC o 5. 071  T7r,iLP  o:U  H e LrJ;o 

lit  7)7:  t\i>  j?-  l:ii.  ■ iil-o  ‘.o..cr\'oir*  '-t  vl.o  ti:73  t'-o 

1 : )OOtioi'.  ’V’.uo  t'  c \.r.1ci'  r i:rSc.oo  iii  the  lc!J:c  \.c.s  ;-4#G  :?cot 

LpIo'.;  tho  I;  0-7.  o-J  t:;o  ci.’.d  17  .o  r'oet  ' olow  2'uo  Ci.*co1;  or  -11.  o 
Lplliv:a;r,  V.  o at  t'.io  i.an  15  *0# 

Li'.c'ivj  i;.'-  o;!C!  •■•'■.Lace  o:i  t:'.o  c.r.r:  v/}ierc  sce'or.'"3 
i:-  loaa',o-;i  j.  .0'7t  10  1.  lo.;  tlij  p^'ccoiit  •.vitcr  ■ 

freo*  l')Otv; 3 7:;i  t*'o  loo-  ol  f 3 ar.-j.  7.'70  v.atcr  a'arxacG 

r.07.*t;i_'  Vac  i ri’o;.i  tome  c..'  t'le  joiritc  of  tlo  do  .o 

v;:  .V.-.'i  -/.alo -.''1  .idl-'  i ll-:.,  a . oroo  to  conn  tVi-o 'fh*  '.'hlo  -.'.c 

tdio  ■ olr.;  t'::.  Oi'cccnt  ’..atei* 

'..'V.o  'r.-o  i’cr.tlcr  ctatca  Hat  tV.c  dr..vi  liac  o-lvva  'C  lool'.cd 
aal  do-os  iiot  d’C;i  lo  lo  aiii''  ::o.:  t’lri'i  f'-.i*  a co'  cJ.dcrr.lai.n 

tir.o  'aevt.-aa,  .".  o c.o-;..£;trv:a:i  :-lcc  of  the  is  oovo-'ou  a 

cract  of  r.-al . -ai.o.l  Icmc-:?. tod  •.'a.tor  r.oomi:':'-  t?7i*o'.:r-Ii  fvc  :*.aa-o:u’:,.’» 

.t  'x.tch  of  rile  o'o'aot  ov.t  0 i iol.oa  a viii.ao  'i'-'-S  lji*olon  v.'.rz-j,  . ..  1- 
i?V'?  viai')lc  f o -of  tho  '..o-tor*  f'iic  is  tV.o  spot  Hat  is 

reported  ac  a ioo.I;* 

..aino  H.c.’o  does  not  scon  to  I'O  rov’  cause  j7or  r.larn  I 
t;07i1cI  rcoor: -.end  tj-iat  \7‘-o:a  oxtrci:oly  lov;  water  oocurc  1;:  tlio  rcc- 
c 7VoJ.r,  tV."  ■■.;■. a oiir:/  Jolratc  oj?  'fve  uootr.oorG  f .co  of  the  dara  he 
pointed  Tip* 

la  a..-l:'.tio'i  to  tv.o  oct-oc.'-c  ti-iro’-ir’-  the  drza,  it  was  oh- 
cc:7ared  that  tf  omo  is  o.  • co  T-yj  4 foot  p-avo  looi'.vOd  ato  t 

oO  fv^ot  .VO  ;•  *.:v.-7,  .".O'-;!  cf  p-o  ..Ito  '..'-o  Iv  v Iv.lso-.a  ' lilc 

rv-r.->  -.r;r  -'■io.’  -to  r\  o f.o-i  ht  i>  ‘I'r.d  i ■ 7./:-.-d  as  aa 

r.  .jr-.j;.’:',' 0 for  t'-lor  ‘boo:’,  to  diaoct  lo  c..  to  'f  o ;.laioc..-.-y*  ’.  l.ir. 

pi.r  Vac  o.  i-rt  .ovirort  f’l;;  ;-t  n clc'.-a;  ioa  17  feet  hole.; 

i-la  -:.jp  a . i l.MH.L  -lo./ar.l  Vo  • rri  xv.'.:il  1 o hre:-!:  is  Dpv.:i  a' o :t 

2 o ' 1'  : 7 • , 77'.r--.i  !.i  , .i i ’ f.'j.  V:’  :v.dc  Vv'  encasing 

th.o  Ic. 'Cr  - ..-t  i.io  -.liwi’  i'l  c .:’.or7!tc*  i.i;  o oo.-.lw  V-- 

vooO. ; f.i.  Vv i.  .ri-o  a lo.;  dr.  -o  of  7.;;tor, 
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11-2U-24 


i 


f 


Li;.:  rate  imv/.o  ::oo-2  i::.  in  a "bad  n-lnto  of  rc^-lr  ord 
chould  1)0  Yo-.  iu-.'.r’lcd* 


. I 

I 


SiuLicn  itiarc  a’.ul  oti.or  dobris  I’loxxld  lie  clotarcd  r..;ay 
fror.i  tlio  f.eto  »' - # 


I V.  O'.ilu  nlro  reoorv.cjid  tlmt  n Ctjvadnrd  rrilii'.r 

to  :;lr.cocl  rlo:'.r  tV.c.  toi'  o?  t';-:  .'e.n  -.n’O'ocr  :\c  it  ic  i:cd:cc:-r:,’ 
for  t.'.o  “a^G  roo-dcr  to*  cre;  c t’.  io  occtiou  during  wind  rtorna 

: . wj.on  t'.o  ioj  o.C  t*  e (..r.r.  io  ico  coated  raid  ic  a dai^'croao 

oper:  tioiu  100  lin,  n.  ci’  ;ipc  rt.ilini“  would  to  reouired. 


Wry  vrrJ.y  your.-. 


Divio  ion  :4i<rinecr 


C.  O.  HCMOMICK* 

OlV'tlON  ■ 


OWiaHT  ■ Lit  ou 


•USJICT I 
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State  of  New  York 
Department  of  State  Engineer 
Eastern  Division 
Albany 

:.!echanicville , ... 
I'lovei.'.ber  Ii4,  1524, 


Y 


O.  Cl 


• > 


Ot^UTV 


Indian  Lake  Lam, 

L'T.  !•:,  D,  Hendricke, 

Livision  i.r.gineer, 

Albany,  L.  Y. 

Lear  2ir:- 

In  accordance  v.ith  your  vei’bal  instruc- 
tions of  recent  date,  I have  visited  the  Indian  Lake  Dam 
and  find  that  there  is  seeps £e  of  v/eter  through  the  masonry 
eec.tion  of  the  dam  proper. 


'ihe  water  curfece  in  the  lake  was  24,8*  below- 
the  top  of  the  dam,  or  abov?t  17,6'  below  the  spillway,  or 
at  height  IC.e'.  I eetinate  tliet  there  is  about  10' 

head  of  wcter  tbove  t'ne  spot  where  seepage  shows  up  on  the 
lower  side  of  the  dax:.  : etv/een  the  top  of  the  dam  and  the 
water  sui’face  the  cement  mortar  seems  to  have  broken  away 
from  between  the  joints  of  the  stor.e  v/o.rk,  allowing  some 
water  to  seep  through.  This  is  probably  also  true  below 
the  water  surface, 

I'r.  Frank  3rov/n,  of  Indian  I.ake,  V,  Y, , who 
takes  the  gage  records,  informs  me  what  the  dam  has  always 
leaked,  tut  does  not  seem  to  get  any  worse.  'D:iis  is  borne 
out  b^'  the  fact  that  the  dorr  stream  surface  of  the  dam  is 
covered  with  a crust  of  material  deposited  by'  water  seeping 
through  the  masonry.  A patch  of  this  crest,  about  G'  square, 
has  broken  away  and  a small  amount  of  water  appears.  This 
is  v/hat  ha?  been  reported  as  a leak. 


Pointing  up  the  masonry  on  the  lake 
the  Vic^.ter  might  be  drawn  dovm  to,  say,  1^'-*  below, 
is  at  present  (gOcO  heihit,  IP, 8'),  would  probably 
materially  reduce  the  8t-epat.e. 


side  v.h 
where  it 
stop  or 


en 


About  oC  ft, 

of  the  log  sluiceway  there 
square,  c-xtcn.’.ir^  to  o.'^out 
ss  an  ancrior  for  o log  brom 
T..i»  hiL'.s  bi'ckti:  apart  h.orir. 


C’bcve  the  dsm  fr.d  ebout  opposite 
is  a ma.sorry  pitv  abo-jt  4 ft. 
g?^,e  height  cu.r,  v/hich  is  voed 
to  direct  lo^s  to'  the  cl-.iice’.a y , 
or. tally  at  aro-j:  gagC  hei^^ht  Ih.C 


— . . . 


Hr,  . 


11/24/;:-:. 


and  iir  p tiltec*  'to’-'nrd  -t’ne  dam  until  t;.e  'hrer.lf  ie 
2-inc}ieo  or.  tl'.c  upstream  side,  repairs  could  be 
encasing  the  lover  pert  of  the  pier  in  concrete, 
cculd  best  be  accomplished  duriiiij  ei  lov;  otate  of 


opened  about 
made  by 
This  also 
water. 


The  £^te-hcuee  roof  is  in  quite  a bad  state 
of  repairs  and  should  be  reshir.£.lec. , 


cunlcen  stumps  and  other  debris  should  be  cleared 
away  fro.m  the  ^.ate  openini^a, 

A standard  iron  pipe  railing  should  be  pieced 
alcr.t;  the  top  of  the  dam  proper  (nay,  ICC  lin.ft,),  as  it  ic 
necennary  for  the  £a£e  reader  to  traverse  this  section  during 
hig/i  wind  storms  and  v;hen  top  of  dam  is  ice  coated. 


Very  truly  yours, 


APPENDIX  C 


HYDROLOGIC  AND  HrORAULIC  COMPUTATIONS 


MOIICT  NAIM 


MOJtCT  NO 


ONAWN  NV. 


m STETSON  • DALE 


BANKERS  TRUST  BUILOING 
UTICA  • NEW  YORK  . 13U1 

TEL  31S>7S7>SB00 


NO.  340- 10  OiCTZOCN  BR4PH  PAPER  DIETZaCN  CORPORATION 


STETSON  •DALE 


BANKERS  TRUS1  BUtLOiNQ 
UTICA  • NEW  YORK  • 13601 

TEL  3lS>7«7>SaOO 
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MIM  A IMDIAM  LMP  DAM 

•Ilf  A RESERVOIR  ROUTING  OF  P.N.F.  * CLARK  NETHOO 

IIZIA  UNCONTROLLED  SPILLHAT  ONLT 
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9f 

1 

fl4f  1 

5 

•ISf  J 

1 

9 

1 

•IM  1 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 
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•17f  K 

f 

1 

•ISfN 

I 

f 
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• 

122 

1 

fl9f  P 

• 

17.5 

89 

Ifl 

112 

118 

•2N  T 

1.8 

8.1 

f21f  H 

9.f9 

9.f9 

•22f  X 

244 

244 

1 

•23fK 

1 

1 

•24f  T 

1 

1 

•2M  1 

1 

-1 

•2M  2 

• 

89N 

178Bf 

267ff 

3S6N 

44588 
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623N 
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•27f  3 
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2688 
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15821 

25147 

36121 

42147 
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99 
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MIM  A 

INDIAN  LAKE 
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•!!•  A RESERVOIR  ROUTING  OF  P. 

N.F.  - SNIDER  NETHD8 

•12f  A 

UNCONTROLLED  SPILLNAT 

ONLT 

•13*  B 

9f 

1 
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•IN  J 
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•IM  1 
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.2 

.3 
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.6 

.7 

.8 
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1 

1 

122 

• 
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11.5 

f.AZ5 
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1 
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1 
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•2N  1 
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-1 

f2U  2 

• 

89M 
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’'KITED  MIC  74 
MCE  HO.  II 

YitHtWHHIttlltHMItH* 

‘ t«tf  Hf  Hflf 

vi>l  VERSIOH  DATED  JAM  1973 
PDATED  AUC  74 
MNCE  NO.  11 

INDIAN  LAKE  DAN 

RESERVOIR  ROUTING  OF  P.H.F.  • CLARK  METHOD 
UW»ITROLLEO  SPILLHAT  ONLT 

JOB  SPECIFICATION 

NO  NHR  NHIN  IDAT  IHR  ININ  NETRC  IPLT  IPRT  NSTAN 

91  1 I I I f • • * • 

JQPER  NUT 

S f 


NULTI-PLAN  AHALTSES  TO  BE  PERFORMED 
NPLAW  1 NRTIOf  9 LRTIOf  1 

RTIOSI  l.ll  I.ZI  1.31  1.41  1.51  I.M  1.71  1.81  l.N 


tHMMHf 


SUB-AREA  RUNOFF  COMPUTATION 
ISTAQ  ICOMP  lECON  ITAPE  JPLT  JPRT  INANE 

1 I I • I • • 

HTDROGRAPH  DATA 


INTOG  lUHC  TAREA 

CMAp 

wNivr 

TRSDA  TRSPC 

RATIO 

ISNOU 

ISAHE 

LOCAL 

1 f IZZ.N 

l.l 

IZZ.N  l.l 

l.l 

1 

1 

1 

PRECIP  DATA 

SPFE  PHS 

R6 

RIZ  RZ4 

R48 

R7Z 

R96 

1.1  17.Sf 

89.N 

lll.N  IIZ.N 

IIB.N 

l.l 

l.l 

RSPC  COMPUTED  BT  THE  PROGRAM  IS  f.87Z 

LOSS  DATA 

STRXR  DLTm  RTIOL 

ERAIN 

STRXS  RTIOK 

STRTL 

CNSTL 

ALSNI 

RTIMP 

f.f  l.l  l.N 

l.l 

l.l  l.N 

1.N 

l.ll 

l.l 

l.l 

UNIT  HTDROGRAPH  DATA 
TC«  9.19  Rl  9.19  NTAI  I 


RECESSION  DATA 

STRTOf  Z44.lf  QRCSNf  Z44.N  RTIOR#  l.N 


6 

8.81 

8.88 

244. 

7 

8.82 

8.88 

244. 

8 

8.82 

8.N 

244. 

9 

8.82 

8.N 

244. 

18 

8.82 

8.88 

244. 

11 

8.82 

8.88 

244. 

12 

8.82 

8.88 

244. 

13 

8.87 

8.H 

244. 

14 

8.89 

8.08 

244. 

IS 

8.11 

8.M 

244. 

U 

8.28 

8.88 

244. 

17 

8.18 

8.88 

244. 

18 

8.88 

8.88 

244. 

19 

8.81 

8.88 

244. 

21 

8.81 

8.88 

244. 

21 

8.81 

8.88 

244. 

22 

8.81 

8.N 

24;. 

23 

8.81 

8.88 

244. 

24 

8.81 

8.88 

244. 

25 

8.11 

8.H 

245. 

26 

8.11 

8.81 

249. 

27 

8.11 

8.81 

268. 

28 

8.11 

8.81 

282. 

29 

8.11 

8.81 

315. 

31 

8.11 

8.81 

359. 

31 

8.31 

8.21 

454. 

32 

8.31 

8.21 

667. 

33 

8.31 

8.21 

1848. 

34 

8.31 

8.21 

1592. 

35 

8.31 

8.21 

2338. 

36 

8.31 

8.21 

3235. 

37 

1.36 

1.26 

4482. 

38 

1.63 

1.53 

6463. 

39 

2.84 

1.94 

9544. 

48 

5.16 

5.86 

14648. 

41 

1.98 

1.38 

22377. 

42 

1.49 

1.39 

32148. 

43 

8.17 

8.87 

42928. 

44 

8.17 

8.87 

53526. 

45 

8.17 

8.87 

62622. 

46 

8.17 

8.87 

68974. 

47 

8.17 

8.87 

72838. 

48 

8.17 

8.87 

71778. 

49 

8.8 

8.8 

68377. 

58 

8.8 

8.8 

«3868. 

51 

8.8 

8.8 

57288. 

52 

8.8 

8.8 

51787. 

S3 

8.8 

8.8 

46623. 

54 

8.8 

8.8 

41983. 

55 

8.8 

8.8 

37752. 

56 

8.8 

8.8 

33981. 

57 

8.8 

8.8 

38488. 

58 

8.8 

8.8 

27263. 

59 

8.8 

8.8 

24445. 

68 

8.8 

8.8 

21922. 

61 

8.8 

8.8 

19661. 

62 

8.8 

8.8 

17637. 

63 

8.8 

8.8 

15823. 

64 

8.8 

8.8 

14198. 

65 

8.8 

8.8 

12743. 

66 

8.8 

8.8 

11448. 

67 

8.8 

8.8 

18273. 

68 

8.8 

8.8 

9227. 

69 

8.8 

8.8 

8298. 

2151 

n l.l  l.f  6IZ6. 

73  l.l  l.l  54Z3. 

74  l.l  l.l  4883. 

75  l.l  l.l  4411. 

76  l.l  l.l  3986. 

77  l.l  l.l  3578. 

78  l.l  l.l  3Z3I. 

79  l.l  l.l  Z918. 

81  l.l  l.l  Zi39. 

81  l.l  l.l  Z389. 

8Z  l.l  l.l  Z185. 

83  l.l  l.l  1964. 

84  l.l  l.l  1776. 

85  l.l  l.l  1618. 

86  l.l  l.l  1458. 

87  l.l  l.l  13Z3. 

88  l.l  l.l  IZIZ. 

89  l.l  1.1  im. 

91  l.l  1.1  954. 

sun  18.19  14.71  1169564. 


PEAK  6-HOUR  Z4-H0UR  7Z-H0UR  TOTAL  VOLUNE 
CFS  7ZI38.  67818.  416ZI.  16183.  1169SSI. 

INCHES  5.17  1Z.69  14.81  14.86 

AC-FT  33641.  8Z594.  96344.  96717. 


HTDROGRAPH  AT  STA  1 FOR  PLAN  It  RTIO  1 


Z4. 

24. 

Z4. 

24. 

24. 

24. 

24. 

24. 

24. 

24. 

Z4. 

Z4. 

Z4. 

24. 

24. 

Z4. 

24. 

24. 

24. 

24 

Z4. 

Z4. 

Z4. 

24. 

Z4. 

25. 

26. 

28. 

31. 

36. 

45. 

67. 

114. 

159. 

Z33. 

323. 

448. 

646. 

954. 

1465 

ZZ38. 

3Z15. 

4Z9Z. 

5353. 

6Z6Z. 

6897. 

7214. 

7178. 

6838. 

6316. 

S7Z8. 

5171. 

466Z. 

4198. 

3775. 

3391. 

3141. 

2726. 

2445. 

2192, 

1966. 

1764. 

158Z. 

14ZI. 

1274. 

1144. 

1127. 

923. 

829. 

745. 

671. 

613. 

54Z. 

488. 

441. 

397. 

358. 

323. 

292. 

264 

Z39. 

Z16. 

196. 

178. 

161. 

146. 

132. 

121. 

119. 

95. 

PEAK 

6-HOUR 

Z4-H0UR 

72-HOUR 

TOTAL  VOLUNE 

CFS 

7214. 

6781. 

4162. 

1618. 

116955. 

INCHES 

1.52 

1.27 

1.48 

1.49 

AC-FT 

3364. 

8259. 

9634. 

9671. 

HTOROCRAPN  AT  STA  1 FOR  PLAN  It  RTIO  Z 


49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

51. 

52. 

56. 

63. 

72. 

91. 

133. 

218. 

318. 

466. 

647. 

896. 

1293. 

1919. 

2931. 

4475. 

6431. 

8584. 

11715. 

12524. 

13795. 

14418. 

14356. 

13675. 

12612. 

11456. 

11341. 

9325. 

8397. 

7551. 

6781. 

6182. 

5453. 

4889. 

4384. 

3932. 

3527. 

3165. 

2841. 

2549. 

2288. 

2155. 

1845. 

1658. 

1491. 

1341. 

1215. 

1185. 

977. 

881. 

793. 

716. 

646. 

584. 

528 

478. 

433. 

393. 

355. 

322. 

292. 

265. 

241. 

219. 

191. 

PEAK  6-HOUR  Z4-H0UR  7Z-H0UR  TOTAL  VOLUNE 
CFS  14418.  1356Z.  83Z4.  3Z37.  Z3391Z. 

INCHES  1.13  Z.54  Z.96  Z.97 

AC-FT  67Z8.  16519.  19Z69.  19341. 


HTDROCRAPH  AT  STA  1 FOR  PLAN  It  RTIO  3 


5898. 

5291. 

4747. 

4268. 

3823. 

3432. 

3882. 

2768. 

2487. 

2235. 

2818. 

!888. 

1627. 

1465. 

1328. 

1198. 

1873. 

969. 

876. 

792. 

717. 

649. 

589. 

533. 

482. 

437. 

397. 

361. 

328. 

286. 

PEAK  6-HOUR  Z4-H0UR  7Z-H0UR  TOTAL  VOLUME 

CFS  21611.  28342.  12486.  4855 

• 

358867. 

INCHES 

1.55 

3.81  4.44 

4.46 

AC-FT 

18892.  24778.  28983 

• 

29812. 

HTDROCRAPH  AT  STA 

1 FOR  PLAN  li 

RTIO  4 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

188. 

184. 

113. 

126. 

144. 

182. 

267. 

416. 

637. 

932. 

1294. 

1793. 

2585. 

3818. 

5859. 

8951. 

12859. 

17168. 

21418. 

25849. 

27589. 

28815. 

28711. 

2/351. 

25224. 

22912. 

28683. 

18649. 

16793. 

15181. 

13568. 

12163. 

18985. 

9778. 

8769. 

7865. 

7855. 

6329. 

5679. 

5897. 

4576. 

4189. 

3691. 

3316. 

2988. 

2688. 

2411. 

2169. 

1953. 

1768. 

1587. 

1431. 

1292. 

1167. 

1856. 

956. 

866. 

786. 

711. 

643. 

583. 

529. 

481. 

437. 

382. 

CFS 

INCHES 

K-FT 


PEAK 

Z8815. 


6-HOUR 

Z7123. 

Z.I7 

13456. 


Z4-H0UR 

16648. 

5.f8 

33138. 


7Z-H0UR 

6473. 

5.9Z 

38538. 


TOTAL  VOLUME 
4678Z4. 

5.?5 

38683. 


HTDROGRAPH  AT  STA  1 FOR  PLAN  li  RTIO  5 


122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

124. 

138. 

141. 

157. 

179. 

227. 

334. 

528. 

796. 

1165. 

1617. 

2241. 

3232. 

4772. 

7326. 

11189. 

16874. 

21468. 

26763. 

31311. 

34487. 

36819. 

35889. 

34188. 

31538. 

28648. 

25854. 

23311. 

28992. 

18876. 

16958. 

15284. 

13631. 

12223. 

18961. 

9831. 

8818. 

7911. 

7899. 

6372. 

5728. 

5136. 

4613. 

4145. 

3726. 

3358. 

3813. 

2712. 

2442. 

2288. 

1983. 

1789. 

1615. 

1459. 

1328. 

1194. 

1882. 

982. 

888. 

884. 

729. 

661. 

681. 

547. 

477. 

PEAK  6-HOUR  Z4-H0UR  72-HOUR  TOTAL  VOLUME 

CFS  36819.  33904 

28818 

8891 

• 

584780. 

INCHES 

2.59  6.35  7.« 

7.43 

AC-FT 

16821 

. 41297 

. 48172 

• 

48354. 

HTDROCRAPH  AT  STA  1 FOR  PLAN  li 

RTIO  6 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

147. 

149. 

156. 

169. 

189. 

215. 

272. 

488. 

624. 

955. 

1398. 

1941. 

2689. 

3878. 

5726. 

8789. 

13426. 

19289. 

25752. 

32115. 

37573. 

41384. 

43223. 

43067. 

41026. 

37836. 

34368. 

31824. 

27974. 

25198. 

22651. 

20348. 

18245. 

16358. 

14667. 

13153. 

11797. 

18582. 

9494. 

8519. 

7646. 

6864. 

6164. 

5536. 

4974. 

4471. 

4828. 

3616. 

3254. 

2938. 

2641. 

2380. 

2147. 

1938. 

1751. 

1583. 

1433. 

1299. 

1178. 

1166. 

965. 

875. 

794. 

721. 

656. 

572. 

CFS 

INCHES 

AC-FT 


PEAK  6-HOUR 
43ZZ3.  48685. 

3.18 

Z818S. 


Z4-H0UR  7Z-H0UR  TOTAL  VOLUME 
Z497Z.  9718.  781736. 

7.6Z  8.88  8.9Z 

49556.  57887.  58825. 


HTOROCRAPN  AT  STA 


171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

318. 

467. 

728. 

1114. 

1631. 

15664. 

22503. 

30044. 

37468. 

43836. 

40096. 

36195. 

32636. 

29388. 

26426. 

13763. 

12346. 

11076. 

9939. 

8921. 

FOR  PLAN  li 
171. 

r RTIO  7 
171. 

171. 

171. 

171, 

171. 

171. 

171. 

171. 

171 

174. 

182. 

197. 

220. 

251. 

2264. 

3138. 

4524. 

6681. 

10254. 

48281. 

50426. 

50245. 

47864. 

44142 

23730. 

21285. 

19084. 

17112. 

15345. 

MAA 

71«l 

U7Z.  ISIS.  137S.  1Z43.  tlZ6.  IIZI.  fU 


* • 

PEAK 

4-HQUR 

Z4-H0UR 

7Z-H0UR 

TOTAL  VOLUME 

CFS 

50424. 

47444. 

29134. 

11328. 

818491. 

INCHES 

3.42 

8.89 

10.34 

10.40 

AC-FT 

23549. 

57814. 

47441. 

47495. 

HTDROCRAPH  AT  STA 

1 FOR  PLAN  If 

RTIO  8 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

194. 

199. 

208. 

224. 

252. 

287. 

343. 

534. 

832. 

1273. 

1844. 

2588. 

3584. 

5171. 

7435. 

11718. 

17912.  2S718.  34334.  42821.  SM98.  SS179  . 57431.  57422.  54712  . 51448. 
45824.  41344.  37298.  33584.  3I2I2.  27121.  24324.  21811.  19554.  17537. 
15729.  141f9.  12458.  11359.  11195.  9152.  8218.  7381.  4432.  5941. 
5341.  4821.  4339.  3917.  3521.  3173.  2842.  2584.  2335.  2111. 
1911.  1732.  1571.  1421.  1284.  1144.  1158.  941.  875.  743. 


PEAK 

4-HOUR 

24-NOUR 

72-HOUR 

TOTAL  VOLUME 

CFS 

57430. 

54244. 

33294. 

12944. 

935447. 

INCHES 

4.14 

10.15 

11.85 

11.89 

AC-FT 

24913. 

44075. 

77075. 

77344. 

HTDROCRAPH  AT  STA  1 FOR  PLAN  li  RTIO  9 


244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

245. 

249. 

240. 

282. 

315. 

359. 

454. 

447. 

1040. 

1592. 

2330. 

3234. 

4482. 

4443. 

9544. 

14448. 

22377. 

32148. 

42920. 

53524. 

42422. 

48973. 

72038. 

71778. 

48377. 

43040. 

57280. 

51707. 

44423. 

41983. 

37752. 

33901. 

30408. 

27243. 

24445. 

Z19ZZ. 

19441. 

17437. 

15823. 

14198. 

12743. 

11440. 

10272. 

9227. 

8290. 

7451. 

47H. 

4024. 

5423. 

4883. 

44N. 

3944. 

3578. 

3230. 

2918. 

2439. 

2389. 

2145. 

1944. 

1774. 

1408. 

1458. 

1323. 

1202. 

1094. 

954. 

PEAK  4-HOUR  i|4-HOUR  72-HOUR  TOTAL  VOLUME 
CFS  72138.  47888.  41421.  14183.  1149547. 

INCHES  5.17  12.49  14.81  14.84 

AC-FT  33441.  82594.  94343.  94717. 


Hltmtlt  flHfHitt  HtHtmt  tfHfHm 

HTDROCRAPH  ROUTING 


ISTAO 

ICONP 

lECON 

ITAPE 

JPLT 

JPRT 

INANE 

1 

1 

0 

0 

0 

0 

0 

ROUTING  DATA 

QLOSS 

aoss 

AVC 

IRES 

ISAME 

0.0 

0.0 

0.0 

1 

1 

NSTPS 

NSTDL 

LAC 

ANSKK 

X 

TSK 

STORA 

1 

0 

0 

0.0 

0.0 

0.0 

-1. 

STORACEf  I.  89N.  17810  . 24701.  35400  . 445N.  53400  . 4Z3H.  44750.  0. 

OUTFLOH0  0.  950.  2488.  4938.  8403.  15821.  25147.  34120.  42147.  0. 


STATION 

1 PLAN  ti 

RTIO  I 

24. 

24. 

24. 

24. 

24. 

24. 

24. 

24. 

24. 

24. 

24. 

24. 

24. 

24. 

24. 

24. 

24. 

24. 

24. 

24. 

24. 

25. 

25. 

24. 

24. 

28. 

33. 

70. 

94. 

124. 

147. 

217. 

T73. 

332. 

553. 

594. 

434. 

447. 

494. 

721. 

743. 

803. 

8i:. 

820. 

824. 

830. 

834. 

834. 

834. 

834. 

832. 

829. 

824. 

822. 

818. 

24. 

24. 

24. 

38. 

392. 

742. 

837. 

814. 


24. 

24. 

24. 

44. 

450. 

778. 


24. 

24. 

25. 
55. 

504. 

792. 

837. 

805. 


[ 


810 


STOR 


229. 

229. 

229. 

229. 

229. 

229. 

229. 

229. 

229. 

229 

229. 

229. 

229. 

229. 

229. 

229. 

229. 

229. 

229. 

229 

229. 

229. 

229. 

229. 

229. 

229. 

229. 

229. 

229. 

238 

231. 

234. 

239. 

248. 

262. 

282. 

312. 

354. 

417. 

512 

6M. 

879. 

1188. 

1566. 

2838. 

<2554. 

3112. 

3676. 

4228. 

4724 

5178. 

5581. 

5936. 

6248. 

6522. 

6759. 

6964. 

7148. 

7298. 

7417 

7523. 

7611. 

7681. 

7737. 

7788. 

7811. 

7832. 

7843. 

7847. 

7842 

7832. 

7815. 

7794. 

7768. 

7738. 

7784. 

7668. 

7628. 

7587. 

7543 

7097. 

7458. 

7482. 

7352. 

7381. 

7258. 

7198. 

7145. 

7891. 

7838 

PEAK  < 

b-HOUR  24-HOUR  72-HOUR  TOTAL  VOLUNE 

CFS 

838. 

836. 

828. 

479. 

34893. 

INCHES 

8.86 

8.25 

8.44 

8.44 

AC-FT 

415. 

1627.  1 

1849. 

2885. 

STATION 

li  PLAN  li 

RTIO  2 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49, 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49, 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49. 

49 

49. 

58. 

51. 

S3. 

56. 

68. 

67. 

76. 

89. 

189, 

141. 

188. 

252. 

334. 

433. 

545. 

664. 

785. 

981. 

1857, 

1232. 

1387. 

1522. 

1648. 

1741. 

1828. 

1982. 

1964. 

2815. 

2857 

2891. 

2117. 

2137. 

2158. 

2159. 

2163. 

2163. 

2168. 

2153. 

2144 

2132. 

2119. 

2183. 

2886. 

2867. 

2848. 

2827. 

2885. 

1983. 

1968, 

1937. 

1913. 

1PJ9. 

1865. 

1841. 

1816. 

1791. 

1767. 

1742. 

1717, 

STOR 


• ’ 

457. 

457. 

457. 

457. 

457. 

457. 

457. 

457. 

457. 

457. 

457. 

457. 

457. 

457. 

457. 

457. 

457. 

457. 

457. 

457. 

457. 

457. 

457. 

457. 

457. 

457. 

457. 

458. 

459. 

468. 

463. 

468. 

478. 

495. 

523. 

565. 

623. 

788. 

833. 

1825. 

1321. 

1758. 

2368. 

3133. 

4861. 

5188. 

6223. 

7352. 

8441. 

9446. 

i 

18346. 

11138. 

11831. 

12432. 

12952. 

13396. 

13774. 

14891. 

14354. 

14569. 

1 1 

14741. 

14875. 

14976. 

15847. 

15891. 

15113. 

15113. 

15896. 

15862. 

15815. 

J r 

1 • 

14955. 

14885. 

14885. 

14717. 

14622. 

14521. 

14415. 

14385. 

14191. 

14874. 

! M 

13954. 

13833. 

13718. 

13585. 

13468. 

13335. 

13288. 

13n2. 

12956. 

12838. 

■ ^ \ 

PEAK 

6-HOUR  24-HOUR  72-HOUR  TOTAL  VOLUK 

CFS  ; 

1163. 

2158. 

2881. 

1168. 

84968. 

! 

INCHES 

8.16 

8.63 

1.87 

1.88 

AC-FT 

1871.  ^ 

1129  . 6952. 

7825. 

- 

STATION 

If  PLAN  1» 

RTIO  3 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

- - 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

74. 

74. 

75. 

77. 

79. 

84. 

98. 

IN. 

113. 

133. 

164. 

i 

211. 

281. 

378. 

582. 

658. 

818. 

1835. 

1363. 

1678. 

1967. 

2224. 

2451. 

2647. 

2856. 

3844. 

3283. 

3337. 

3446. 

3536. 

3686. 

, 

3661. 

3781. 

3728. 

3744. 

3758. 

3748. 

3737. 

3721. 

3698. 

3678. 

1 

3638. 

3683. 

3564. 

3522. 

3478. 

3432. 

3384. 

3335. 

3286. 

3235. 

3184. 

3132. 

3818. 

3828. 

2976. 

2924. 

2872. 

2828. 

2769. 

2718. 

STOR 


PLAN 

6-HUU( 

24-NOUR 

72-HOUR 

rOIAL  VULUHE 

CFS 

3731. 

3738. 

3363. 

1976. 

143535. 

INCHES 

1.29 

1.19 

1.81 

1.82 

AC-FT 

1834. 

7174. 

11761. 

11871. 

STATION 

1« 

PLAN  It 

RTIO  4 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

99. 

IN. 

182. 

186. 

112. 

121. 

133. 

151. 

178. 

219. 

282. 

375. 

384. 

669. 

867. 

1286. 

1638. 

2873. 

2488. 

2922. 

3339. 

3748. 

4878. 

4352. 

4592. 

4793. 

4974. 

5193. 

5365. 

5496. 

3391. 

5653. 

5688. 

5698. 

5688. 

5668. 

5615. 

5558. 

5489. 

5411. 

5323. 

3232. 

5133. 

5838. 

4929. 

4862. 

4793. 

4722. 

4638. 

4576. 

4313. 

4428. 

4354. 

4279. 

4285. 

4131. 

4857. 

3983. 

3918. 

3838. 

STQR 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

913. 

916. 

917. 

928. 

926. 

936. 

956. 

991. 

1847. 

1129. 

1246. 

1415. 

1666. 

2858. 

2641. 

3515. 

4728. 

6265. 

8122. 

18211. 

12424. 

14648. 

16776. 

18725. 

28435. 

21963. 

23265. 

24382. 

25338. 

26127. 

26786. 

27319. 

27738. 

28855. 

28284. 

28436. 

28521. 

28547. 

28521. 

28432. 

28345. 

28286. 

28839. 

27848. 

27639. 

27413. 

27174. 

26924. 

26666. 

264N. 

26125. 

23845. 

25559. 

25278. 

24978. 

24684. 

24389. 

24894. 

238N. 

23386. 

23214. 

27923. 

22633. 

22349. 

PEAK  6-HOUR  24-HOUR  72-HOUR  TOTAL  VOLUHE 
CFS  5698.  5667.  5273.  2895.  211195. 

INCHES  1.43  1.61  2.65  2.67 

AC-FT  2812.  11464.  17233.  17381. 


STATION  li  PLAN  li  RTIQ  5 


122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

123. 

124. 

125. 

128. 

132. 

148. 

151. 

166. 

189. 

222. 

273. 

352. 

469. 

638. 

836. 

1194. 

1781. 

2238. 

2884. 

3471. 

4879. 

4616. 

5175. 

5824. 

6371. 

6824. 

7196. 

7493. 

7724. 

7899. 

8822. 

8182. 

8142. 

8158. 

8128. 

8882. 

8814. 

7927. 

7825. 

7718. 

7583. 

7448. 

7385. 

7157. 

7N3. 

6847. 

6687. 

6527. 

6365. 

6284. 

6843. 

5882. 

5724. 

5567. 

5412. 

5239. 

5189. 

4961. 

4863. 

4774. 

STOR 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1145. 

1147. 

1151. 

1157. 

1178. 

1195. 

1239. 

1388. 

1411. 

1558. 

1769. 

2883. 

2562. 

3381. 

4394. 

59N. 

7832. 

18148. 

12747. 

15498. 

18261. 

28897. 

23381. 

25428. 

27273. 

28852. 

38179. 

31281. 

32182. 

32984. 

33467. 

33889. 

34189. 

34382. 

34482. 

34588. 

34447. 

34334. 

34169. 

33959. 

33711. 

33431. 

33124. 

32793. 

32448. 

32887. 

31715. 

31335. 

38948. 

38558. 

38166. 

29774. 

29382. 

28994. 

28688. 

28227. 

27858. 

27479. 

27114. 

26756. 

26482. 

26851. 

25782. 

PEAK  6-HOUR  24-HOUR  72-HOUR  TOTAL  VOLUHE 

CFS 

8158.  8184. 

7587. 

3993. 

289711. 

INCHES 

8.62 

2.29 

3.65 

3.68 

AC-FT 

4821. 

14897. 

23774. 

23955. 

STATION 

li  PLAN  li  RTIO  6 

146. 

146.  146. 

146. 

146. 

146.  146. 

146. 

146. 

146 

146. 

146.  146. 

146. 

146. 

146.  146. 

146. 

146. 

146 

146. 

146.  146. 

146. 

146. 

146.  146. 

147. 

147. 

147 

148. 

158.  153. 

159. 

168. 

181.  288. 

227. 

267. 

328 

Itm. 

11842. 

11744. 

11544. 

11348. 

11875. 

18788. 

18448. 

18122. 

9772. 

9414. 

9851. 

8487. 

8459. 

8249. 

8874. 

7882. 

7484. 

7491. 

7294. 

71IZ. 

4911. 

4721. 

4533. 

4349. 

4147. 

5988. 

5813. 

5442. 

5474. 

STOR 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372, 

1372. 

1372 

1372. 

1372. 

1372. 

1372, 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1374. 

1374. 

1381. 

1389. 

1414. 

1434. 

1484. 

1578. 

1494. 

1849. 

2123. 

2499. 

3875. 

3942. 

5273. 

7879. 

9394. 

12147. 

15273. 

18548. 

21853. 

24988. 

27838. 

31332. 

32444. 

34249. 

35772, 

34985. 

37927 

38438. 

39129. 

39453. 

39428. 

39474. 

39418. 

39473. 

39254. 

38975. 

38448. 

38284. 

37889. 

37473. 

37841. 

344N. 

34152. 

35783. 

35258 

34789. 

34321. 

33849. 

33374. 

32899. 

32424. 

319S4. 

31491. 

31829. 

38574. 

38125. 

29484. 

29251. 

28824. 

28489. 

28881. 

PEAK  4-HOUR  24-HOUR  72-HOUR  TOTAL  VOLUNE 

CFS  11989.  11788.  18238.  5249. 

381971. 

INCHES 

8.98  3.12 

4.82 

4.85 

ftC-FT 

5844.  28318.  31344. 

31584. 

STATION  If 

PLAN  If 

RTIO  7 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

172. 

173. 

175. 

179. 

185. 

194. 

211. 

233. 

244. 

311. 

383. 

493. 

457. 

882. 

1352. 

1981. 

2487. 

3451. 

4414. 

5984. 

7244. 

8413. 

11144. 

11734. 

12984. 

13954. 

14475. 

15183. 

15588. 

15474. 

15712. 

1S437. 

15449. 

15225. 

14919. 

14543. 

14148. 

13742. 

13293. 

12829. 

12354. 

11874. 

11393. 

18914. 

18448. 

9974. 

9517. 

9871. 

8437. 

8484. 

8187. 

7972. 

7759. 

7548. 

7339. 

7133. 

4938. 

4731. 

4535. 

4343. 

4155. 

STOR 

14H. 

1418. 

1488. 

1488. 

14N. 

14H. 

1488. 

1488. 

1488. 

1488. 

14M. 

14H. 

1411. 

14M. 

1488. 

14N. 

14H. 

1488. 

1488. 

14H. 

14N. 

1488. 

1488. 

1488. 

1488. 

1488. 

1481. 

1482. 

1484. 

1411. 

1421. 

1438. 

1473. 

1734. 

1832. 

1974. 

2181. 

2477. 

2914. 

3587. 

4422. 

4152. 

8259. 

18957. 

14179. 

17792. 

21489. 

25428. 

29847. 

32385. 

3S139. 

37524. 

39443. 

41N5. 

42198. 

43888. 

43714. 

44114. 

44321. 

44345. 

44272. 

44844. 

43745. 

43388. 

42949. 

42441. 

41934. 

41383. 

48818. 

48225. 

39433. 

39848. 

38449. 

37845. 

37298. 

34727. 

34177. 

35442. 

35114. 

34591. 

34149. 

33558. 

33837. 

32538. 

32838. 

31538. 

31853. 

38578. 

38113. 

29455. 

PEAK  4-HOUR  24-l«)UR  7Z-H0UR  TOTAL  VOLUME 

CFS  15712.  15538.  13433.  4451. 

481944. 

INCHES 

1.18  4.18 

4.89 

4.12 

8C-FT 

7789.  24457.  39598. 

39852. 

STATION  If  1 

PLAN  If 

RTIO  8 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

194. 

197. 

198. 

2N. 

284. 

212. 

223. 

241. 

244. 

382. 

354. 

438. 

544. 

758. 

1855. 

1454. 

2373. 

3328. 

4418. 

5874. 

7553. 

9488. 

11995. 

14844. 

15484. 

17284. 

18498. 

19342. 

19872. 

28137. 

28182. 

28847. 

19743. 

19341. 

18845. 

18294. 

17472. 

17888. 

14317. 

15454. 

15895. 

14525. 

1395f. 

13375. 

12885. 

12242. 

11489. 

11148. 

18428. 

18188. 

9412. 

9133. 

8471. 

8489. 

8183. 

7959. 

7738. 

7528. 

7384. 

7895. 

4888. 

4485. 

STOR 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1838. 

1831. 

1835. 

1841. 

1852. 

1872. 

1912. 

1982. 

2893. 

2258. 

2492. 

2831. 

3333. 

4188. 

5282. 

7838. 

9437. 

12514. 

14187. 

28382. 

24443. 

28972. 

33851. 

34492. 

39782. 

42389. 

44331. 

45898. 

47855. 

47848. 

48344. 

48419. 

48442. 

48S3Z. 

TT 


4RZ42. 

47878. 

47415. 

44842. 

44244. 

45433. 

44973. 

44297. 

43485. 

42981. 

ttm. 

41484. 

41781. 

48887. 

39485. 

38737. 

38887. 

37454. 

34844. 

34253. 

39AD4. 

35129. 

34588. 

34834. 

33499. 

32978. 

32449. 

31938. 

31434. 

38943. 

PEAK  4-HOUR  24-HOUR  72-HOUR  TOTAL  VOLUME 

CFS  28182.  19894.  14751.  l 

8895. 

584324. 

INCHES 

1.52 

5.11 

7.41 

7.45 

AC-FT 

9878.  33241.  48191. 

48482. 

STATION  1 

li  PLAN  If 

RTIO  9 

244. 

244 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

245. 

244. 

247. 

251. 

255. 

244. 

279. 

381. 

333. 

378. 

445. 

547. 

719. 

938. 

1514. 

2242. 

3292. 

4584. 

4571. 

8983. 

12878. 

14431. 

2N41. 

22919. 

25898. 

24952. 

28284. 

28943. 

29254. 

29214. 

28888. 

28335. 

27M4. 

24735. 

25745. 

24784. 

23845. 

22849. 

21872. 

28844. 

19841. 

18845. 

17817. 

14931. 

148N. 

15257. 

14549. 

13895. 

13239. 

12481. 

11983. 

11384. 

INll. 

11257. 

9724. 

9217. 

8729. 

8427. 

8192. 

7948. 

7732. 

7587. 

STOR 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2234. 

2284. 

2287. 

2289. 

2294. 

2381. 

2314. 

2341. 

2398. 

2477. 

2417. 

2823. 

3115. 

3538. 

4144. 

5125. 

4483. 

8788. 

11789. 

15418. 

28188. 

25388. 

38444. 

35978. 

48841. 

45882. 

48S47. 

51274. 

53353. 

54844. 

55879. 

54479. 

54731. 

54498. 

54434. 

55984. 

55392. 

54488. 

53981. 

53853. 

52157. 

51224. 

58274. 

49314. 

48355. 

47485. 

44471. 

45558. 

M47I. 

43815. 

42954. 

42124. 

41314. 

48538. 

39748. 

39832. 

38322. 

37441. 

34985. 

34357. 

35755. 

35173. 

34481. 

34838. 

33484. 

32939. 

PEAK  1 

I-HOUR  24-HOUR  72-HOUR  TOTAL  VOLUME 

CFS  29254.  : 

28884.  23474. 

11877. 

881929. 

INCHES 

2.28 

7.22 

18.14 

18.19 

AC-FT 

14291.  44981.  45944. 

44389. 

iitHiftti  tmttwH  fftHfHM 


PEAK  FLW  SIMMRT  FOR  MULTIPLE  PLAN-RATIO  ECONOMIC  COMPUTATIONS 

RATIOS  APPLIED  TO  FLOWS 


PERATION  STATION 

PLAN 

8.18 

8.28 

8.38 

8.48 

8.58 

8.48 

8.78 

8.88 

1.88 

HTDROCRAPH  AT  1 

I 

7284. 

14488. 

21411. 

28815. 

34819. 

43223. 

58424. 

57438. 

72838 

2 

8. 

8. 

8. 

8. 

8. 

8. 

8. 

8. 

8 

TEO  TO  1 

1 

838. 

2143. 

3758. 

5498. 

8158. 

11989. 

15712. 

28182. 

29254. 

2 

8. 

8. 

8. 

8. 

8. 

8. 

8. 

8. 

8. 

POATEO  MNi  m 
CHAKE  NO.  11 

I Mf 

INDIAN  LAKE  DAN 

RESERVOIR  ROUTING  OF  P.N.F.  • SNTDER  NETHOO 
UNCONTROLLED  SPILLHAT  ONLT 


JOS  SPECIFICATION 

NO  NNR  NNIN  ISAT  IHR  ININ  HETRC  IPLT  IPRT  NSTAN 

VI  1 I ••••••  • 

JOPER  NHT 

5 f 


MULTI-PLAN  ANALYSES  TO  BE  PERFORMED 
NPLANf  1 NRTIOI  9 LRTIO*  1 

RTIOSi  I. II  1.21  1.31  1.41  I.SI  I.M  1.71  1.81  l.N 


HfflMttl  •Htmfff  ffMffMH 

SUB-AREA  RUNOFF  COMPUTATION 
ISTAO  ICONP  lECON  ITAPE  .HIT  JPRT  INAME 


1 

1 

1 1 

1 

1 

1 

IHTDG 

1 

lUHG 

1 

TAREA 

I22.N 

CttAp 

4INVir 

l.l 

HTDROGRAPH  DATA 
TRSDA  TRSPC 
122.11  l.l 

RATIO 

1.1 

ISNOH 

1 

ISAME 

1 

LOCAL 

1 

SPFE  PNS 

1.1  17.51 

RSPC  COMPUTED  BT  THE  PROGRAM  IS  1.872 

R6 

89.N 

PRECIP  DATA 
R12  R24 

lll.N  112.N 

R48 

118.N 

R72 

l.l 

R96 

l.l 

STRKR 

l.l 

DLTKR 

l.l 

RTIOL 

l.N 

ERAIN 

l.l 

LOSS  DATA 
STRKS  RTIOK 

l.l  l.N 

STRTL 

l.N 

CNSTL 

l.ll 

ALSMX 

1.1 

RTIMP 

l.l 

UNIT  HTIROGRAPH  DATA 
TPI  11.51  CPU.  A3  NTA#  I 


RECESSION  DATA 

STRTOf  244.11  ORCSNf  244.11  RTIOR#  l.N 
PPROXIMATE  CLARK  COEFFICIENTS  FROM  GIVEN  SNTIER  CP  AND  TP  ARE  TCI12.82  AND  RIII.48  INTERVALS 


UNIT  HTDROGRAPN  63  EN-OF-PERIOD  ORDINATESi  LAG#  11.43  MOURSt  CPI  1.63  VOL#  l.N 


111. 

412. 

838. 

1332. 

1871. 

2441. 

3116. 

3534. 

3938. 

4393. 

4434. 

4312. 

3993. 

3629. 

3299. 

2998. 

2725. 

2477, 

2146. 

1861. 

1691. 

1537. 

1397. 

1271. 

1154. 

1M9. 

953. 

7tt. 

716. 

651. 

591. 

538. 

489. 

444. 

4M. 

367. 

313. 

275. 

251. 

228. 

217. 

IN. 

171. 

155. 

141 

c-n 


4S 


41 


37 


END-OF-PERIOD  FLOU 


TINE 

MIN 

EXCS 

CONP  Q 

1 

l.ll 

l.ff 

244. 

2 

l.ll 

I.II 

244. 

3 

f.ll 

l.ll 

244. 

4 

l.ll 

I.M 

244. 

S 

1.11 

I.N 

244. 

6 

l.ll 

I.N 

244. 

7 

•.f2 

I.N 

244. 

8 

1.12 

1.11 

244. 

9 

1.12 

f.ff 

244. 

11 

1.12 

f.N 

244. 

11 

1.12 

f.N 

244. 

12 

1.12 

I.N 

244. 

13 

1.17 

I.N 

244. 

14 

f.l9 

I.N 

244. 

15 

f.ll 

I.N 

244. 

16 

1.28 

I.N 

244. 

17 

l.ll 

I.N 

244. 

18 

1.18 

I.N 

244. 

19 

l.ll 

I.N 

244. 

21 

l.ll 

I.N 

244. 

21 

l.ll 

I.N 

244. 

22 

l.ll 

I.N 

244. 

23 

l.ll 

I.N 

244. 

24 

f.ll 

I.N 

244. 

25 

l.ll 

I.N 

244. 

26 

l.ll 

l.ll 

246. 

27 

l.ll 

1.11 

253. 

28 

l.ll 

l.ll 

264. 

29 

l.ll 

f.ll 

281. 

31 

l.ll 

l.ll 

316. 

31 

1.31 

1.21 

357. 

32 

1.31 

1.21 

474. 

33 

1.31 

1.21 

679. 

34 

1.31 

1.21 

984. 

35 

1.31 

1.21 

1396. 

36 

1.31 

1.21 

1919. 

37 

1.36 

1.26 

2671. 

38 

1.63 

1.53 

3867. 

39 

2.14 

1.94 

5713. 

4f 

5.16 

5.16 

8714. 

41 

1.91 

I.M 

13211. 

42 

1.49 

1.39 

18939. 

43 

1.17 

1.17 

25516. 

44 

1.17 

1.17 

32463. 

45 

1.17 

1.17 

39391. 

46 

1.17 

1.17 

45947. 

47 

1.17 

1.17 

51655. 

48 

1.17 

1.17 

561N. 

49 

l.l 

l.f 

59133. 

5f 

l.f 

l.l 

61297. 

51 

l.l 

l.l 

59897. 

52 

l.f 

l.l 

57859. 

53 

l.f 

l.l 

54421. 

54 

l.f 

l.f 

51282. 

55 

l.f 

l.l 

46173. 

56 

l.f 

l.l 

42183. 

57 

l.l 

l.l 

384«. 

58 

l.f 

l.f 

35124. 

59 

l.f 

l.l 

31911. 

61 

l.f 

l.l 

29151. 

ti 

a a 

a a 

tittn 

* 


AC-FT 


5749.  15423.  19115 


19188 


r 


k i 


8 


HTDROGiMra  AT  STA  1 FOA  PLAN  li  RTIO  3 


73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

73. 

74. 

74. 

79. 

84. 

92. 

187. 

14Z. 

Z84. 

295. 

419. 

574. 

881. 

1148. 

1714. 

2414. 

3948. 

548Z. 

7455. 

9739. 

11817. 

13784. 

15494. 

14838. 

17718. 

18889. 

17949. 

17358. 

143Z4. 

15885. 

13822. 

12425. 

11522. 

18587. 

9573. 

8715. 

7938. 

7Z14. 

4544. 

5973. 

5434. 

4947. 

4583. 

4188. 

3733. 

34N. 

3897. 

Z82Z. 

2571. 

2344. 

2137. 

1949. 

1778. 

1423. 

1482. 

1353. 

1237. 

1131. 

1835. 

947. 

847. 

795. 

729. 

478. 

415. 

544. 

PEAK  4-HOUR  Z4-H0UR  7Z-H0UR  TOTAL  VOLUME 
CFS  18189.  17381.  11819.  4814.  348177. 

INCHES  1.33  3.41  4.41  4.4Z 

AC-FT  8423.  Z3435.  Z8473.  Z8782. 


HTDROCRAPH  AT  STA  1 FOR  PLAN  li  RTIO  4 


98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98 

98. 

98. 

98. 

98. 

98. 

99. 

181. 

184. 

113. 

122 

143. 

198. 

272. 

393. 

558. 

748. 

1848. 

1547. 

2285. 

3484 

5281. 

7574. 

18287. 

12985. 

15754. 

18379. 

28442. 

22448. 

23413. 

24119 

23959. 

23144. 

21748. 

28113. 

18429. 

14833. 

15343. 

14818. 

12744. 

11428 

18573. 

9419. 

8752. 

7944. 

7247. 

4594. 

4N4. 

5444. 

4978. 

4533 

4129. 

3742. 

3428. 

3125. 

2849. 

2599. 

2371. 

2144. 

1974. 

1885 

1449. 

1588. 

1379. 

1243. 

1157. 

1848. 

972. 

893. 

828. 

754 

PEAK  4-HOUR  Z4-H0UR  72-HOUR  TOTAL  VOLUME 
CFS  Z4119.  Z3174.  15744.  44Z1.  444183. 

INCHES  1.77  4.81  5.88  5.91 

AC-FT  11497.  31Z47.  38Z3I.  38375. 


HTDROCRAPH  AT  STA  1 FOR  PLAN  li  RTIO  5 


122. 

122. 

122. 

122. 

122. 

122. 

IZZ. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

123. 

124. 

132. 

141. 

153. 

178. 

237. 

339. 

492. 

498. 

948. 

1335. 

1934. 

2857. 

4357. 

4481. 

9449. 

12758. 

14231. 

19495. 

22973. 

25827. 

28858. 

29514. 

38148. 

29948. 

28929. 

27218. 

25141. 

23834. 

21842. 

19284. 

17512. 

15955. 

14525. 

13214. 

12824. 

18948. 

9955. 

9859. 

8245. 

7584. 

4833. 

4222. 

5444. 

5141. 

4783. 

4285. 

3984. 

3542. 

3248. 

2944. 

2785. 

2478. 

2254. 

2841. 

1885. 

1724. 

1578. 

1444. 

1325. 

1214. 

1114. 

1825. 

943. 

PEAK  4-NOUR  Z4-HOUR  7Z-H0UR  TOTAL  VOLUME 
CFS  38148.  Z8947.  1948Z.  88Z7.  5881Z9. 

INCHES  Z.Z1  4.88  7.34  7.37 

AC-FT  14371.  39859.  47788.  47949. 


HTDROCRAPH  AT  STA  1 FOR  PLAN  li  RTIO  4 


144. 

144. 

144. 

144. 

144. 

144. 

144. 

144. 

144. 

144 

144. 

144. 

144. 

144. 

144. 

144. 

144. 

144. 

144. 

144 

144. 

144. 

144. 

144. 

147. 

148. 

152. 

158. 

149. 

183 

214. 

284. 

487. 

598. 

838. 

1152. 

1482. 

2328. 

3428. 

5228 

7921. 

11343. 

15318. 

19478. 

23434. 

27548. 

ofTTg. 

33448. 

35428. 

34178 

35938. 

34715. 

32453. 

38149. 

27443. 

25258. 

23845. 

21814. 

19144. 

17438 

15848. 

14429. 

13128. 

11944. 

18871. 

9894. 

9887. 

82N. 

7444. 

48N 

4194. 

5443. 

5142. 

4487. 

4274. 

3898. 

3554. 

3244. 

2944. 

2787 

2474. 

2242. 

2849. 

1894. 

1735. 

1598. 

1459. 

1339. 

1238. 

1131 

PEAK  4-NOUR  Z4-H0UR  7Z-H0UR  TOTAL  VOLUME 
CFS  34178.  34741.  Z3418.  943Z.  494155. 

INCHES  2.45  7.28  8.81  8.85 

AC-n  17244.  44878.  S73«.  57543. 


L 


HTIROGRAPH  AT  STA  1 FOR  PLAN  1 

> RTIO  7 

171. 

171. 

171. 

171. 

171.  171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171.  171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171.  173. 

177. 

185. 

197. 

214. 

250. 

332. 

475. 

489. 

977.  1344. 

1849. 

2707. 

3999. 

41N. 

9241. 

13257. 

17841. 

22724. 

27573.  32143. 

34158. 

39270. 

41323. 

42208. 

41920. 

40501. 

38095. 

35197. 

32251.  29458. 

24884. 

24517. 

22337. 

20335. 

10903. 

14033. 

15314. 

13937. 

12483.  11543. 

10508. 

9544. 

8711. 

7933. 

7224. 

4504. 

40N. 

5449. 

4984.  4548. 

4149. 

3787. 

3457. 

3158. 

2004. 

2439. 

2414. 

2210. 

2024.  1855. 

1702. 

1542. 

1435. 

1320. 

PEAK  4-HOUR  24-HOUR  72-HOUR  TOTAL  VOLUME 

CFS  42208.  40554.  27S55.  11230. 

812180. 

INCHES 

3.09  0.40  10.28 

10.32 

AC-n 

20120.  54482.  44903. 

47157. 

HTIROGRAPH  AT  STA  1 FOR  PLAN  1 

1 RTIO  8 

195. 

195. 

195. 

195. 

195.  195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195. 

195.  195. 

195. 

195. 

195. 

195. 

195. 

199. 

195. 

195. 

195.  197. 

202. 

211. 

225. 

244. 

204. 

379. 

543. 

787. 

1117.  1534. 

2134. 

3094. 

4571. 

4971. 

10541. 

15151. 

20413. 

25970. 

31512.  34757. 

41324. 

44880. 

47224. 

48237. 

47910. 

44207. 

43537. 

40224. 

34850.  33444. 

30724. 

28019. 

25528. 

23240. 

21144. 

19230. 

17504. 

15927. 

14495.  13192. 

12N9. 

10933. 

9955. 

9044. 

0250. 

7524. 

4057. 

4250. 

5499.  5197. 

4742. 

4328. 

3951. 

3409. 

3290. 

3014. 

2759. 

2525. 

2313.  2120. 

1945. 

1784. 

1440. 

1508. 

PEAK  4-HOUR  24-HOUR  72-HOUR  TOTAL  VOLUME 

CFS  40237.  44347.  31491.  12043. 

928204. 

INCHES 

3.53  9.40  11.75 

11.80 

AC-n 

22994.  42494.  74440. 

74751. 

HTIROCRAPH  AT  STA  1 FOR  PLAN  li  RTIO  9 

244. 

244. 

244. 

244. 

244.  244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244.  244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244.  244. 

253. 

244. 

281. 

305. 

357. 

474. 

479. 

984. 

1394.  1919. 

2471. 

3847. 

5713. 

8714. 

13201. 

10939. 

25514. 

32443. 

39390.  45947. 

51455. 

541N. 

59033. 

40297. 

59097. 

57059. 

54421. 

50202. 

44072.  42083. 

38408. 

35024. 

31910. 

29050. 

24433. 

24040. 

21800. 

19909. 

10118.  14491. 

15011. 

13444. 

12444. 

11333. 

10323. 

9405. 

8571. 

7012. 

7123.  4497. 

5927. 

5410. 

4939. 

4512. 

4123. 

3770. 

3449. 

3157. 

2892.  2450. 

2431. 

2232. 

2051. 

1884. 

PEM  6-WUR  Z4-M0UR  72-HOUR  TOTAL  VOLUME 
CFS  M297.  97934.  39344.  14154.  1140244. 

INCHES  4.42  12.11  14.49  14.74 

AC-FT  20742.  70117.  95574.  95930. 


tmtHHf  fftHfMM  tHHtfttt  ttHHitft 

HTIROGRAPH  ROUTINC 


ISTA8 

ICOMP 

lECON 

ITAPE 

JPLT 

JPRT 

INANE 

1 

1 

0 

0 

0 

0 

0 

ROUTINC  DATA 

OLOSS 

CLOSS 

AVG 

IRES 

ISAME 

0.0 

0.0 

0.0 

1 

0 

HSTPS 

NSTR. 

LAC 

AMSXK 

I 

TSK 

STORA 

1 1 0 0.0  0.0  0.0  -1. 

1.  STORACEO  0.  0900.  *7000.  24700.  35400.  44900.  53400.  42300.  44750.  0. 

ouraoHO  o.  950.  2401.  4930.  0403.  15021.  25147.  34120.  42147.  0. 


486. 

686. 

686. 

686. 

686. 

686. 

686. 

686. 

686. 

686. 

686. 

686. 

686. 

686. 

686. 

686. 

686. 

686. 

687. 

688. 

691. 

695. 

713. 

717. 

741. 

774. 

824. 

898. 

1888. 

1177. 

1437. 

182Z. 

Z354. 

3149. 

3919. 

4928. 

6189. 

7366. 

8722. 

18114. 

11495. 

1Z823. 

14163. 

15191. 

16197. 

17186. 

17867. 

18547. 

19132. 

19633. 

ZI8S6. 

ZI4I9. 

Z8698. 

21931. 

21113. 

21249. 

21345. 

21413. 

21429. 

21426. 

Z1397. 

Z1345. 

21272. 

21182. 

21175. 

21955. 

28822. 

21679. 

28526. 

28366. 

Z8199. 

ZM26. 

19849. 

19668. 

19484. 

19297. 

19118. 

18919. 

18728. 

18537. 

PEAK 

6-HOUR 

Z4-H0UI 

72-HOUR 

TOTAL  VOLUME 

CFS 

3686. 

3596. 

3449. 

1832. 

133224. 

INCHES 

8.27 

1.85 

1.68 

1.69 

AC-FT 

1784. 

latt 

18987. 

11816. 

STATION 

li 

PLAN  li 

RTIO  4 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

98. 

99. 

188. 

182. 

185. 

118. 

117. 

128. 

143. 

168. 

285. 

259. 

335. 

434. 

556. 

781. 

867. 

1129. 

1488. 

1838. 

2194. 

2536. 

2983. 

3276. 

3687. 

3897. 

4149. 

4367. 

4553. 

4711. 

4843. 

4961. 

5182. 

5211. 

5291. 

5346. 

5378. 

5398. 

5384. 

5363. 

5328. 

5282. 

5226. 

5168. 

MM 

5889. 

4929. 

4874. 

4816. 

4756. 

4693. 

4629. 

4563. 

4496. 

4428. 

4359. 

4298. 

4221. 

4151. 

4882. 

STOR 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

914. 

915. 

915. 

916. 

918. 

928. 

926. 

937. 

956. 

987. 

1833. 

1899. 

1197. 

1344. 

1578. 

1917. 

2429. 

3139. 

4866. 

5212. 

6571. 

8119. 

9818. 

11613. 

13448. 

15268. 

17819. 

18658. 

28126. 

21434. 

22581. 

23579. 

24441. 

25179. 

25883. 

26326. 

26755. 

27898. 

27363. 

27557. 

27698. 

27767. 

27796. 

27783. 

27732. 

27648. 

27536. 

27398. 

27248. 

27863. 

26871. 

26666. 

26448. 

26219. 

25988. 

25732. 

25477. 

25217. 

24951. 

24683. 

24411. 

24138. 

23863. 

23588. 

23313. 

PEM(  &-HOUR  Z4-H0UR  7Z-H0UR  TOTAL  VOLUME 


CFS  5398.  5365. 

5855. 

2688. 

194744. 

INCHES 

8.41 

1.54 

2.45 

2.47 

AC-FT 

2662. 

18833. 

15958. 

16183. 

STATION 

li  PLAN  If 

RTIO  5 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122. 

122 

123. 

124. 

125. 

128. 

132. 

138. 

147. 

168. 

179. 

289 

256. 

324. 

419. 

542. 

695. 

877. 

1193. 

1685. 

2848. 

2485 

2996. 

3543. 

4858. 

4588. 

4912. 

5478. 

5968. 

6375. 

6722. 

7N7. 

7236. 

7416. 

7552. 

7649. 

7711. 

7743. 

7747. 

7728. 

7688. 

7638 

7555. 

7468. 

7368. 

7259. 

7141. 

7816. 

6885. 

6749. 

6610. 

6468 

6324. 

6178. 

6832. 

5885. 

5739. 

5593. 

5448. 

5385. 

5163. 

5824 

STOR 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1143. 

1144. 

1145. 

1147 

1151. 

1158. 

1171. 

1195. 

1233. 

1291. 

1374. 

1496. 

1688. 

1962 

2396. 

3836. 

3924. 

5882. 

6515. 

8213. 

18145. 

12255. 

14483. 

16762 

19819. 

21181. 

23187. 

24997. 

26599. 

27991. 

29182. 

38189. 

31831. 

31723 

32281. 

32719. 

33849. 

33284. 

33435. 

33512. 

33522. 

33475. 

33378. 

33236. 

33856. 

32843. 

32681. 

32335. 

32849. 

31745. 

31428. 

31898. 

38768. 

38415 

38865. 

29711. 

29356. 

298N. 

28645. 

28291. 

27948. 

27591. 

27247. 

26988 

! 


i 

1 


PEAK  &-HOUR  Z4-WUR  7Z-HOUR  TOTAL  VOLUME 
CFS  7747.  7711.  7Z1I.  3725.  Z7i4l^ 


AC-FI 

3826.  14389.  22178. 

22368. 

STATION 

li  PLAN  li 

RTIO  6 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

146. 

147. 

147. 

147. 

147. 

148. 

158. 

153. 

158. 

165. 

176. 

192. 

215. 

251. 

317. 

389. 

583. 

651. 

835. 

1136. 

1587. 

2879. 

2598. 

3259. 

3937. 

4586. 

5342. 

6215. 

6974. 

7626. 

8178. 

8678. 

9418. 

9993. 

11424. 

11731. 

18928. 

11832. 

11857. 

11813. 

18912. 

18762. 

18572. 

18349. 

1N99. 

9828. 

9548. 

9248. 

8932. 

8618. 

8447. 

8278. 

8185. 

7929. 

7751. 

7571. 

7389. 

7288. 

7827. 

6848. 

6678. 

6493. 

6319. 

6147. 

STOR 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1372. 

1373. 

1374. 

1376. 

1381. 

1389. 

1485. 

1434. 

1488. 

1549. 

1649. 

1796. 

2816. 

2355. 

2875. 

3643. 

4788. 

6898. 

7818. 

9853. 

12168. 

14688. 

17341. 

2NS8. 

22741. 

25388. 

27682. 

29888. 

31644. 

33226. 

34569. 

35693. 

36685. 

37314. 

37846. 

38223. 

38467. 

38596. 

38626. 

38572. 

38447. 

38262. 

38828. 

37753. 

37445. 

37111. 

36756. 

36386. 

36885. 

35618. 

35221. 

34811. 

34398. 

33962. 

33528. 

33891. 

32652. 

32212. 

31774. 

31338. 

38477. 

38854. 

29636. 

PEAK  6-NOUR  24-HOUR  72-HOUR  TOTAL  VOLUHE 

CFS  1 

11857.  18951. 

9711. 

4917. 

356656. 

INCHES 

8.83 

2.96 

4.58 

4.53 

AC-FT 

5433.  19271.  29273. 

29491. 

STATION 

1 

1>  PLAN  It 

RTIO  7 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

171. 

172. 

173. 

175. 

179. 

184. 

193. 

285. 

224. 

251. 

293. 

358. 

454. 

586. 

759. 

993. 

1455. 

1979. 

2551. 

3292. 

4887. 

4872. 

6848. 

7161. 

8147. 

9379. 

18772. 

11988. 

12795. 

13485. 

13994. 

14346. 

14561. 

14659. 

14657. 

14578. 

14418. 

14191. 

13921. 

13611. 

13268. 

12899. 

12511. 

12187. 

11694. 

11275. 

18852. 

18431. 

1H12. 

9597. 

9189. 

8789. 

8497. 

8298. 

8897. 

7897. 

7698. 

7588. 

7383. 

7189. 

6917. 

STOR 

16N. 

1688. 

1688. 

16N. 

1688. 

16N. 

1688. 

16H. 

1688. 

16H. 

16M. 

1688. 

1688. 

1688. 

1688. 

1688. 

1688. 

1688. 

1688. 

1688. 

16M. 

1688. 

1688. 

1688. 

1688. 

1688. 

1681. 

1681. 

1683. 

1686. 

1611. 

1621. 

1639. 

1673. 

1727. 

1887. 

1923. 

2895. 

2352. 

2747. 

3354. 

4258. 

5493. 

7115. 

9121. 

11488. 

14169. 

17899. 

28188. 

23334. 

26441. 

29396. 

32898. 

34494. 

36557. 

38274. 

39665. 

48769. 

41619. 

42247. 

42681. 

42946. 

43867. 

43865. 

42957. 

42761. 

42498. 

42158. 

41775. 

41352. 

41897. 

48418. 

39921. 

39411. 

38894. 

38374. 

37854. 

37337. 

36826. 

36323. 

35831. 

35344. 

34858. 

34372. 

33886. 

33482. 

32921. 

32444. 

31972. 

31587. 

P£M  i-HOUR  24-HOUR  7Z-HOUR  TOTAL  VOLUME 
CFS  14699.  14534.  12771.  6251.  453117. 

INCHES  1.11  3.9f  5.72  5.76 

AC-FT  7211.  25345.  37212.  37466. 


STOR 


1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1629. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1829. 

1838. 

1832. 

1835. 

1841. 

1852. 

1874. 

1912. 

1973. 

2845. 

2198. 

2394. 

2488. 

3148. 

3833. 

4857. 

4278. 

8131. 

18419. 

13115. 

14178. 

19584. 

23817. 

24594. 

3I1I2. 

33415. 

34425. 

39832. 

41284. 

42972. 

44381. 

45443. 

44251. 

44784. 

47899. 

47229. 

47285. 

47851. 

44791. 

44444. 

44828. 

45554. 

45843. 

44498. 

4392S. 

43329. 

42714. 

42889. 

41458. 

48824. 

48194. 

39573. 

38958. 

38355. 

37743. 

37189. 

34429. 

34883. 

35559. 

33841. 

34524. 

34814. 

33587. 

33884. 

PEAK  < 

1-HOUR  24'HOUR  72-HOUR  TOTAL  VOLUME 

CFS  18481.  18448.  15914.  7445. 

553948. 

INOCS 

1.41 

4.85 

7.88 

7.84 

AC-FT 

9143.  31585.  45315. 

45884. 

STATION 

If  PLAN  If 

RTIO  9 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

244. 

245. 

244. 

247. 

258. 

255. 

243. 

274. 

293. 

319. 

359. 

419. 

511. 

448. 

838. 

1194. 

1752. 

2487. 

3284. 

4338. 

5734. 

7541. 

9953. 

13124. 

15942. 

18944. 

21389. 

23272. 

24481. 

25778. 

24514. 

249N. 

24982. 

24813. 

24448. 

25982. 

25234. 

24543. 

23832. 

23844. 

22215. 

21358. 

28484. 

19482. 

18721. 

17847. 

14985. 

14141. 

15427. 

14794. 

14178. 

13558. 

12958. 

12374. 

11884. 

11254. 

18728. 

18285. 

9788. 

9229. 

8778. 

8441. 

STOR 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2284. 

2288. 

2298. 

2294. 

2381. 

2315. 

2342. 

2398. 

2447. 

2582. 

2748. 

tin. 

3348. 

3924. 

4792. 

4872. 

7847. 

18159. 

13887. 

14341. 

28159. 

24297. 

28438. 

33821. 

37245. 

41177. 

44415. 

47499. 

49814. 

51411. 

52955. 

53985. 

54518. 

54822. 

54888. 

54751. 

54448. 

54812. 

53471. 

52843. 

52145. 

51393. 

58482. 

49784. 

48958. 

48188. 

47248. 

44433. 

45411. 

44885. 

44814. 

43234. 

42445. 

41789. 

48978. 

48258. 

39549. 

38849. 

38211. 

37575. 

34942. 

34372. 

35884. 

35254. 

PEAK  1 

1-HOUR  24-HOUR  72-HOUR  TOTAL  VOLUME 

CFS  24982.  24592.  22483.  18558. 

744482. 

INCHES 

2.83 

4.84 

9.44 

9.72 

AC-FT 

13193.  44418.  42848. 

43223. 

fHifHtH  mtWtU  ttHftttW  HtHttIH 

PEAK  FLOH  SUIfIMt  FOR  MULTIPLE  PLAN-MTIO  ECONOMIC  COMPUTATIONS 

RATIOS  APPLIED  TO  FLOHS 


PERATION  STATION 

PLAN 

8.18 

8.28 

8.38 

8.48 

8.58 

8.48 

8.78 

8.88 

l.N 

HTDROCRAPM  AT  1 

1 

4838. 

12859. 

18889. 

24119. 

38148. 

34178. 

42288. 

48237. 

48297. 

2 

8. 

8. 

8. 

8. 

8. 

8. 

8. 

8. 

8. 

^ITEO  TO  I 

1 

818. 

2892. 

5398. 

mi. 

11857. 

14459. 

18481. 

24982. 

2 

8. 

8. 

8. 

8. 

8. 

8. 

8. 

8. 

8. 
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